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HYDROLOGY  OF  SAN  BERNARDINO  VALLEY, 

CALIFORNIA. 


Bv  Walter  V.  Mendenhau.. 


OEOGRAPHIC   SITUATION. 

The  San  Bernardino  basin  lies  near  the  eastern  end  of  the  valley  of 
southern  California.     Under  the  latter  term  is  included  that  general 
lowland  area  which  is  definitely  limited  on  the  north  b}'  the  San  Gabriel 
and  San  Bernardino  mn^es  and  on  the  east  by  the  latter  range  and  the 
San  Jacinto  group,  but  whose  southern  boundary  is  irregular  and  diffi- 
cult to  define.     In  this  direction  there  is  an  interdigitation  of  ridges 
and  valleys  as  the  Sierra  Madre  Range  of  San  Diego  County  dies  out 
toward  the  north.     The  more  or  less  indefinite  heights  that  represent 
it>  extension  in  this  direction  are  separated  by  lowlands,  which  in  turn 
are  to  he  regarded  as  southwest  lobes  of  the  w^ell-defined  east-west 
vjilloy  that  lies  along  the  base  of  the  San  (labriel  Range. 

Toward  the  west  this  greater  valley  opens  directly  to  the  Pacific, 
without  the  intervention  of  any  extensive  heights.  The  Santa  Ana 
Mountains  and  the  San  Jose  Hills  project  well  into  it  from  the  south- 
east, at  a  distance  of  about  !i5  miles  from  the  Pacific  shore  line,  in  the 
vicinity  of  Ix)rdsburg,  and  reduce  its  width  at  this  point  to  but  a  few 
miles.  The  San  Ciabriel  basin  and  the  coastal  plain,  separated  by  tiie 
low  Los  Angeles  and  Pucnte  hills,  lie  west  of  this  ridge.  East  of  it 
are  the  Cucamonga  and  Chino  plains,  the  Riverside  basin,  the  numer- 
ous more  or  less  isolated  valleys  of  the  upper  San  Jacinto  drainage 
area,  and  the  San  I^»rnardino  basin,  which  tog(»ther  foiin  an  interior 
suUli vision  of  the  greater  valley.  The  San  Bernardino  basin  is  the 
northeastern  part  of  this  interior  subdivision,  and  from  the  {X)int  of 
view  of  water  supply  is  most  important.  It  is  separated  on  the  east 
and  south  from  the  adjacent  lowlands  by  the  Crafton  Mills,  the  ridge 
known  as  the  Badlands,  and  the  Jurupa  Mountains.  Toward  the  west 
it  opens  directly  into  the  wide  Cucamonga  plains.  It  lies  wholl}'  within 
the  valley  portion  of  San  Ifernardino  County  and  forms  a  part  oi  tW 
drainage  hasin  of  Santa  Ann  Rivor,  nil  of  thr  stvmms  which  i^ow  down 
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into  it  from  the  San  Bernardino  and  San  Gabriel  mountains  being 
tributaries  of  this,  the  most  important  stream  in  southern  California. 

SETTLEMENT. 

When  in  1851  the  first  band  of  Mormon  immigi-ants,  led  by  Captain 
Hunt,  descended  through  Cajon  Pass  into  San  Bernardino  Valley,  after 
a  journey  of  months  across  the  parched  deserts  from  Salt  Lake,  the 
abundant  springs  of  pure  water  and  the  living  streams  in  the  great 
cienaga  must  have  appealed  to  them  with  a  force  which  was  greatly 
increased  by  the  vivid  memory  of  the  loss  of  their  companions  b}'^ 
thirst  in  Death  Valley  but  a  short  time  before.  It  is  not  a  matter  of 
wonder  that  they  decided  that  their  wanderings  should  cease  here  and 
that  forthwith  the}'  began  the  building  of  homes,  in  which  they  hoped 
to  spend  the  rest  of  their  lives. 

As  early. as  1810  amission  settlement  had  been  made  at  Politana, 
near  what  is  now  Bunker  Hill,  and  somewhat  later  another  of  more 
importance  and  greater  permanence  was  established  at  old  San  Ber- 
nardino, on  the  south  side  of  Santa  Ana  River.  Politana  was  destroyed 
})y  the  Indians  and  abandoned  soon  after  its  foundation,  but  the  San 
liernardino  branch  mission  flourished,  and  under  the  direction  of  the 
church  fathers  in  charge  there  the  Mill  Creek  zanja,  the  oldest  irriga- 
tion ditch  in  the  valley,  was  constructed  between  1820  and  1880. 
When  the  missions  were  secularized  by  command  of  the  Mexican  Gov- 
ernment in  1833,  and  their  lands  distributed  to  Mexican  citizens  by 
large  grants,  the  San  Bernardino  rancho,  which  included  nearly  all  of 
the  cultivable  lands  of  the  valley,  fell  to  members  of  the  Lugo  family, 
and  from  them  it  was  purchased  by  the  Mormon  settlers  in  1851  for 
*7,500. 

DEVELOPMENT   OF   IRRIGATION. 

When  the  Mormons  came  into  possession,  the  Mill  Creek  za,nja  at 
old  San  Bernardino  was  the  only  irrigating  work  in  this  part  of  Cali- 
fornia. The  wide  area  of  moist  lands  above  Colton,  the  limited  num- 
bers, the  simple  needs,  and  the  pastoral  habits  of  the  first  settlers,  all 
combined  to  reduce  the  necessity  for  irrigation,  so  that  the  first  ditch 
of  their  own  building  was  not  constructed  until  1854.  With  this 
begiiming,  other  small  ditches  were  dug  in  the  middle  of  the  valley  as 
the  population  slowly  increased  and  the  irrigated  areas  were  gradually 
extended,  but  extensive  projects  were  not  undertaken  until  work  was 
l)egun  upon  the  first  Riverside  canal  b}'  a  New  England  colony,  the 
Silk  Center  Association,  in  1870.  By  1876  both  the  upper  and  lower 
Riverside  canals  had  been  completed,  and  thereafter  a  constantly 
increasing  acreage  was  brought  under  cultivation  by  the  water  fur- 
nisluHl  by  them,  until  in  1882  4,3(X)  acres  were  reported  as  supplied  by 
these  systems,  which  at  that  time  depended  upon  the  flowing  waters 
of  Warm  Creek  and  Santa  Ana  River. 
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During  this  period  the  waters  from  other  streams  tributary  to  San 
Bernardino  Valley  \irerc  diverted  and  utilized  upon  the  available  lands. 
City  Creek  water  had  at  first  been  applied  only  to  the  lower  lands,  to 
which  it  could  be  most  easily  conducted;  but  in  1874  a  canal  was  con- 
Ntructed  by  which  it  was  taken  to  the  '*  bench"  lands  in  the  vicinity 
of  what  is  now  Highlands.  The  superior  value  of  the  bench  lands 
even  at  this  early  date  was  rapidly  corning  to  be  recognized. 

The  Highlands  ditch,  by  which  the  waters  of  Santa  Ana  River  were 
first  taken  out  uf>on  the  East  Highlands  mesa,  was  built  in  1881  and 
1882. 

In  1883  the  construction  of  the  Bear  Valley  dam  was  begun,  and 
with  its  completion  in  1884  the  reclamation  of  the  valuable  citrus  lands 
of  the  Redlands  mesa  was  accomplished.  The  success  of  this  project 
was  marred  by  bad  financiering  and  by  a  serious  overestimate  of  the 
amount  of  water  w^hich  it  would  render  available,  so  that  although  it 
brought  into  the  productive  zone  a  large  acreage  of  fertile  lands  which 
were  useless  before  its  completion,  these  positive  gains  were  accom- 
panied by  serious  losses. 

The  tendency  constantly  observable  throughout  this  period  was  to 
extend  cultivation  to  higher  ground.  The  fii*st  canals  had  served 
only  the  lowest  lands  adjacent  to  the  river  bottoms;  but  these  lands, 
subject  as  they  were  to  frost,  proved  to  be  not  so  well  adapted  to  the 
valuable  citrus  fruits  as  the  warmer  benches.  Encouraged  by  the 
success  of  the  earlier  projects  and  recognizing  the  growing  value  of 
the  me.sas,  Matthew  Gage,  in  1885,  undertook  the  construction  of  a 
higher  canal  from  which  it  was  proposed  to  irrigate  a  belt  of  the 
Riverside  mesa  lying  entirely  above  the  older  Riverside  canal  systems. 
The  Gage  canal  was  constructed  in  sections  and  was  finally  complet-ed 
to  its  present  terminus  in  188S.  Unlike  the  other  large  canals  of  San  - 
liernunlino  Valley,  it  has  depended  from  the  first  chiefly  upon  devel- 
oped underground  waters,  and  the  7,500  acres  of  splendid  citrus  lands 
which  it  has  brought  into  the  productive  zone  indicates  th(»  i(\sults  that 
may  l>e  accomplished  by  the  use  of  such  waters. 

Since  the  completion  of  the  (lage  system  other  projects  have  been 
put  through,  but  development  has  been  less  rapid  since  the  early  eight- 
ies, partly  because  the  available  water  supplies  were  g(»nerally  util- 
ized in  the  projects  which  had  been  developed  l)y  that  time  and  partly 
because  the  unfavorable  conunercial  conditions  prevailing  during  the 
early  nineties  made  investors  generally  much  more  conservative. 

Among"  the  later  developments  worthy  of  note  are  those  of  the  Riv- 
erside Highlands  Water  Company,  organized  in  1898,  whose  latest 
plant  for  the  supply  of  the  higher  parts  of  the  old  East  Rivei>iide  dis- 
trict was  installed  in  1904.  The  final  result  of  all  of  this  development 
b'ds  Ihh^ji  the  reclamation  of  about  54,i)O0  acres  in  i\\v  UedV.iuAs,  S\vv\ 
Wermirdino,  and  Riverside  quncimn fries,     .Nearly  all  of  t\\\s  ucvew^e 
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depends  upon  the  water  supply  from  the  San  Bernardino  Mountains, 
either  utilized  directly  as  it  flows  from  the  canyons  or  recovered  later 
from  underground  reservoirs. 

By  tracing  in  this  incomplete  review  the  development  of  the  irriga- 
tion projects  within  the  valley  from  the  time  when  only  the  low-lying 
lands  within  reach  of  the  old  Mill  Creek  zanja,  constructed  by  the 
Mission  fathers,  or  those  in  the  moist  bottoms  which  needed  no  artifi- 
cial watering,  or  only  such  as  could  be  given  by  the  simplest  of 
ditches,  were  utilized,  to  the  later  periods  when  the  superior  value  of 
the  bench  lands  came  gradual I3'  to  be  recognized  and  costly  and  (care- 
fully designed  irrigation  works  were  planned  for  their  redemption, 
we  gain  some  comprehension  of  the  constantly  increasing  demand  for 
water  and  its  concurrently  increasing  value. 

The  most  important  single  element  in  bringing  about  this  develop- 
ment has  been  the  growth  of  the  citrus  industry  since  the  foundation 
of  the  Riverside  colony  in  1870.  The  first  citrus  trees  were  probabl3' 
some  seedling  oranges  grown  about  old  San  Bernardino  rather  as 
ornamental  trees  than  because  they  were  conceived  to  be  of  commer- 
cial value.  Indeed,  before  the  building  of  the  transcontinental  railway 
lines,  which  gave  the  fruit  a  wide  market,  they  could  be  of  but  little 
importance,  since  local  consumption  has  never  been  sufficient  to  pro- 
vide a  profitable  market.  In  the  Riverside  colony,  however,  citrus 
trees  were  planted  early  as  a  commercial  venture,  and  from  a  modest 
beginning  there,  down  on  the  lower  lands  under  the  old  Riverside 
canal,  the  groves  have  gradually  crept  up  the  slopes  to  the  warm,  fer- 
tile, f  rostless  soils  of  the  mesa  (PI.  II,  A)  until  now  these  lands  wher- 
ever cultivated  are  producing  the  best  fruits  of  the  district. 

The  steady  increase  of  acreage  under  the  various  systems  and  the 
increasing  maturity  of  the  groves  first  planted  have  called  for  con- 
stant extensions  of  the  irrigating  systems.  With  the  increase  in  acre- 
age there  has  gone  a  constant  improvement  in  irrigation  pi'actice  and 
in  methods  of  cultivation,  so  that  the  amount  of  water  in  use  for  cit- 
rus orchards  has  dimininhed  from  1  miner's  inch  for  each  3  acres  to  1 
inch  for  5  or  6  acres,  and  many  successful  horticulturists  maintain 
that  even  this  diminished  amount  may  be  reduced  not  only  without 
harm  l)ut  with  positive  benefit  to  the  soils  and  groves.  The  improve- 
ment in  practice  which  has  already  taken  place  means  that  the  amount 
of  water  used  for  irrigation  has  b}'  no  means  inccreased  as  rapidly  as 
the  urea  cultivated,  yet  there  has  l>een  a  slow  general  increase,  as  the 
following  table  will  show. 
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The  avail&V^le    mea.surementH  of  the  waters  Hecured  from  the  San 
Kcnuirdiiu)  Y>M^ii^  a.bove  Colton  are  as  follows: 

QnatUii*^  «if  tiHtler  jnmi  San  Bertuirdiw}  Intgin  ahtve  CoUmij  (Vi/. 

Date.  Quantity.  Obiierver. 

I  Secand/eet.  I 

vpteiiil>er,  1898 '  144.69  !  Kingsbury  Sanborn. 

AiiKtwt,  1899 110.14  Do. 

S»'ptein\)er,  1900 125.6  Do. 

>*-|.tem>wr.  1902 120.21  i  Do. 

Auirui^t  and  S^^ptember,  190i^ 155.25  Do. 

Aujnirt,  1VI04 143.98  Do. 


S>nie  plants  have  l>een  in.stalled  below  Colton  during  this  period, 
and  the  waters  which  they  have  developed  have  been  used  to  augment 
those  secured  above  the  ''dike;''  hence  the  table  does  not  indicate 
fully  the  increase. 

BIBLIOGRAPHY. 

Since  irri^tion  has  necessarily  been  practiced  to  some  extent  almost 

since  the  tirst  .settlements  in  this  valley,  the  sources  of  the  water  have 

'tMH»n  the   subject  of  more  or  less  study.     Usually  these  studies  have 

>>»'eii  direetU'  connected  with  individual  enterprises  and    have  been 

rontiiiod  to  small  areas.     Their  results  have  not  been  published  for 

t^'oniMiil  distrilmtion,  but,  if  preserved  at  all,  are  to  be  found  in  the 

ivrords  of  the  various  irrigation  di-stricts  and  irrigation  companies.     A 

fpw  general  papers,  however,  exist  upon  one  or  another  phase  of  the 

water  problem.     First  to  })e  mentioned  is  the  volume  on  '*  Irrigation  in 

Southern  California,"  by  William  Hamilton  Hall,  SUite  engineer  of 

(alifornia,  published  in  IS8H.     This  work  includes  a  history  of  prac- 

ti<-ally  all  irrigation  projects  completed  in  this  part  of  tlie  State  at  the 

tim<»  of  its  pul)lication.     Less  attention  was  paid  to  developments  of 

underground  waters  than  to  surface  systems,  })oth  l)ecause  the  former 

were  not  at  that  time  recognized  as  of  such  supreme  importance  as  at 

present,  and  l>ecause  the  engineering  features  were  the  chief  object 

of  Mr.  HalTs  studies.     Nevertheless,  this  volume  remains  the  most 

<'f>mplete  general  account  extant  of  southern  California  irrigation  sys- 

ten)>and  is  invaluable  to  a  student  of  the  history  of  the  water  problem 

in  the  southern  section  of  the  State. 

The  results  of  a  later  and  much  more  thorough  study  of  the  water 
supply,  irrigation  developments,  and  irrigation  practice  in  upper  San 
Bernardino  Valley  have  been  embodied  in  a  paper  entitled '' Water 
Siipplv  of  San  Bernardino  Valley,"'  by  »I.  B.  Lippincott.  This  paper 
wa>  published  in  Part  IV  of  the  Nineteenth  Annual  Report  ot  tW 
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United  States  Geological  Survey,  and  readers  are  referred  to  it  for 
details  of  the  organization  of  companies  operating  along  the  northern 
and  eastern  edges  of  this  valley,  and  for  descriptions  of  the  engineer- 
ing features  of  interest  there. 

A  later  paper  by  Mr.  Lippincott,  entitled  '*  Development  and  Appli- 
cation of  Water  near  San  Bernardino,  Colton,  and  Riverside,  C^l.,'' 
has  been  issued  in  two  parts,  as  Water-Supply  Papers  Nos.  59  and  60, 
of  the  United  States  Geological  Survey.  This  paper  includes  the 
results  of  Mr.  Lippincott's  studies  in  the  lower,  western,  and  southern 
parts  of  the  basin  and  the  contiguous  regions.  In  it,  as  in  the  earlier 
paper,  particular  attention  is  paid  to  the  surface  supplies,  to  engineer- 
ing features,  and  to  the  organization  and  operation  of  districts  and 
water-distributing  corporations. 

Results  of  measurements  of  stream  flow  made  by  Mr.  Lippincott  in 
his  capacity  of  resident  hydrographer  of  the  Geological  Survey,  or  by 
his  assistants,  have  appeared  from  time  to  time  in  the  progress  reports 
of  the  division  of  hydrography,  and  these  have  been  assembled  with 
similar  data  from  other  parts  of  California  in  a  volume  entitled  *' Cali- 
fornia Hydrography,"  issued  b}'  the  Geological  Survey  in  11)03,  as 
Water-Supply  Paper  No.  81.  This  volume  includes  the  measurements 
of  the  year  1902. 

The  United  States  Department  of  Agriculture  has  issued,  as  a 
reprint  from  its  OflSce  of  Experiment  Stations  Bulletin  No.  9,  a  vol- 
ume entitled  ''Report  of  Irrigation  Investigations  for  1901,"  which 
includes  a  valuable  paper  by  Prof.  E.  W.  Hilgard  on  the  "Subterra- 
nean Water  Supply  of  the  San  Bernardino  Valle\"."  Professor  Hil- 
gard has  conducted  investigations  in  San  Bernardino  Valley  at  several 
periods,  and  has  paid  particular  attention  to  the  supply  of  the  Gage 
Canal  Company.  By  cooperating  closely  with  the  engineers  of  this 
organization  he  has  assc^mbled  a  body  of  facts  which  have  unique 
value  in  a  study  of  the  underground  waters,  and  will  have  increasing 
value  as  they  are  augmented  by  accumulating  data. 

In  the  same  volume  is  a  paper  by  the  late  William  Irving,  engineer 
of  the  Gage  Canal  Company,  on  the  ''Duty  of  Water  under  the  Gage 
Canal,  19i)l.'''  This  paper  is  one  of  a  series  issued  by  Mr.  Irving,  in 
which  the  duty  is  discussed  for  the  years  1899,  1900,  and  1901,  the 
earlier  papers  appearing  in  Bulletins  Nos.  8t)  and  104  of  the  Depart- 
ment of  Agriculture,  Office  of  F^xperiment  Stations. 

Ill  addition  to  these  papers  issued  b}"  experts  from  one  or  anpther 
of  the  departments  of  our  Government,  many  scattered  data  upon 
particular  phases  of  the  question  of  water  supply  are  to  be  found  in 
the  court  records,  as  a  part  of  the  the  testimon}'  introduced  in  the 
numerous  suits  which  have  been  tiled  from  time  to  time. 
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RAIXFAT^Ii. 

It  is  well  understood  that  »oiithern  California  is  a  semiarid  region. 
The  precipitation  varies  widely,  however,  in  different  loc*^Iities,  beiii^ 
jcreater  on  and  near  the  higher  mountains  and  less  in  the  broad 
expanses  of  plain. 

Rainfall  ret't/rd^.  Hither side^  (id. 


Year. 


w 1 

1 
1*1^ 

1«M3.               ! 

mM ' 

»iM5 ' 

n<ym 

MM7 

WR-» 

IWM9 

IIWM) 

MO-n 

»!-« 

I  July. '  Aug.  Sept. 


0.00     0.00 
.00       .00 


U«MB. 


MMT.... 

IWM9.... 
1«»-I900. , 
lOTM9ai. 

\9i\-2 

l'*rj.;'. 


.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.33 

.00  I 

.00  I 

.02  I 

.00  < 

.00' 

.00  ' 

.00 

.(10 

T. 

T. 


.00 

:i.oo 

.00 
.00 
.00 
.00 
.00 
.05 
.00 
.00 
.00 
.26 
.00 
.28 
.04 
.00 
.00 
.00 
.00 

T. 


0.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.09 
.79 
.13 
.00 

1.27 
.20 
.00 
.00 
.09 
.00 
.00 
.00 
T. 
T. 
.V.i 


Oct.    Nov.    Dec.  I  Jan. 


'  I 

Feb.    Mar.    Apr.  ,  May. 


0.40 
.13 
.97 
.12 
.02 
.00 
.75 
.00 

1.35 
.13 
.03 
.29 

1.08 
.06 
.00 

2.07 

1.67 
.00 

1.03 
.2H 
.SO 
AfJ 
.  !).'> 


0.-25 

.29 

.00 

.12 

1.31 

.M 

.87 

2.H3 

1.82 

'     .32 

.00 

I     .28 

!     .67 

I    .00 

I  1.25 

I  1.48 

I     .02 

!     .01 

I     .57 

I  2.51 

.  12 

l.(>9 

.Oil 


I 


0.40 

.20 

2. -25 

2.56 

.62 

.(V4 

.85 

3.37 

7.80 

3.21 

1.29 

.94 

2.05 

5.22 

.24 

.92 

.95 

1.38 

.41 

.00 

T. 

.  (« 


0.48 

1.70 

.09 

.84 

.77 

2.68 

.13 

4.17 

.s7 

4.44 

.13 

.00 

I  3.01 

.69 

'  6.48 

1.72 

3.38 

1.74 

2.09 

1.01 

2.  f.7 

.W 

.in 

.  1". 


0.25 
1.40 

.S3 
7.94 

.00 
1.3K 
3.80 
1.05 
1.30 
1.96 
6.36 
2.60  , 
1.1*5 

m 

VI 

.01 
2.74 

l.Hl 
1 .  J  I 
l.Jl 


i.;« 

1.08 

.89 

6.56  j 

.01   ' 

1.95 

.02 

3.84 

5.10 

.60 

.40 

1.07 

5.71 

70 

3.44 

3.15 

m 

.9.'> 

.12 

■2.  S.i 


0.74 

.72  ' 

.26 

1.67 

2. 15 

1.43 

1.70 

.18 

1.83 

.06 

l.W 

.00 

.24 

.00 

.29 

.66 

.03 

.18 

.00 

.74 

.00 

.2.'? 

■J.  \'J 


0.03 
.08 
.'25 

1.99 
.24 
.00 
.17 

.a5 

.25 
.09 
.  16 
1.32 
H 
l» 


.13 
1.29 
.54 

.ir, 


June. 


0.00 

.18 

.00  ' 

..52' 

.00  ! 

I 

,00  , 

.02  ' 

.00 

.00 

.00 

.00 

.00  , 

00 

00 

00 

.00 

.00 

AV 

.30 

.00 

.(H) 

.  1).") 


Rain- 
fall for 
sea- 
8on. 

2.80 
6.31 
2.94 
•22. 74 
8.97 
9.42 
5.92 
11.76 
15.  .t6 
18.21 
12. 89 
6.44 
12.46 
7.12 
16.39 
7.51 
12.85 
5.88 
6.70 
6.01 
8.86 
6.  :K) 
12.  7  J 


.OS 


Thi.^  di.strihulioii  follows  diicctly  from  the  fjict  that  the  mountains 
.-ire  th(*  niininjikers.  The  vjill(\v  of  soutluMFi  Californiji  opens  to  t\w 
Paririt.-.  and  the  moist iiro-hidcn  winds  from  this  orcjit  water  body  pass 
inland  over  the  valley  lands  without  marked  di.^tui  hanee  of  their 
teniix»rature  until  they  are  foiT(»d  up  ovcm-  tln^  surioundino-  mountain 
ninj^e^i,  where  they  are  cooled  and  the  j;r(»ater  j)ait  (»f  theii*  moisture 
i>  precipitat<Hl.  This  conc(»ntration  of  the  rainfall  on  and  iH»ar  the 
inoniitains  is  })artly  illustrated  by  theavailahh*  i"ecord>.  althouuh  these 
are  not  eomi)l(^te  for  mountain  stations.  The  averaLfc  at  Hiveisidc*  for 
twenty-three  years  is  1».*J0  inehes.  foi-  thirty-four  years  at  San  Hei' 
nardino  15. Ot)  inehes,  and  a  doul)tful  record  for  the  ten  wet  y(\ars  pre- 
ceding 1894 at  Bear  Valley  dam  is  57.4!)  inches.  Kven  thoujrh  th(^  relia- 
bility of  the  la.st  record  is  doubtful,  and  since  at  best  it  was  continued 
only  during  a  period  when  the  minfall  of  this  part  of  the  State  was 80 
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o.  t-i"-^ 


{wr  (.'CMit  alK)ve  the  average,  so  that  a  more  nearly  correct  figure  m»y 
be  oljtained  if  it  is  reduced  by  one-half,  yet  with  this  libeml  re<luctioii 
it  is  nearly  double  the  valley  records,  and  thus  illustrates  the  muab 
heavier  precipitation  at  the  mountain  tops. 

Raififall  rfcord^t  Coltoii^  Cal. 


\ 


Year.             July.  Auk.  .  Sept.  Oct.    Nov. ,  Dec.  |  Jan. 

■■           ■     _    ' ,  I      _ 

1877 1 ' '  1.64 

1877-7H 0.00  0.00  ,  0.00  0.07     0.36  '  1.93     1.94 

1878-79 00  .00  .00  .24       .30  '  l.r.8     1.79 

1879-80 00  .00  .00  .13     1.15     '2.49       .99 

1H80-M1 00  .00  .00  .13       .27     2.37       .71 

1881-K2 00  .00  .00  .28       .38'     .00  '  2.23 

1882-8;^ fiO  .00  .00  ..tO       .19       .30^     .52 

1883-ai 00  .00  .00  .(50       .(X)     2.23     1.00 

1H81-85 00  .25  .(K)  .25       .12     3.93     1.00 

lM85-«> 00  .00  .00  .00     1.92       .52     2.78 

1886-87 00  i     .00  .00  '  .00        .HO  !     .00        .21 

1887-88 00  .(K)  .00  .00       .7o'     .MO     4.H9 

1X88-H9 00  .(K)  .00  .(H)     2.37  '  3.2i;  ,     .86 

1H8U-90 00  T.  .04  L.'Sy  ,  1.2t»  I  7.41      2.94 

1890-91 00  .06  .67  .(K)  '     .19  '2.45       .00 

1S91-92 00  .00  .00  .(K)  1     .00'     .87     2.27 

189:-9; IK),     .00  .(K)  (.48)      .90      1.45     2.40 

1893-94 30  .00  .00  1.18,     .22'  1.93       .20 

1894-95 00  .00  .45'  .15       .(K)     5.70     6.88 

1895-96 00  .00  .00  .00,1.16'     .00     1.10 

1896-97 00  .10  '  (.(Mi)  2.28  ,     .9^1      1.11      3..52 

1897-98 00  .00!  .00  2.20,  (.66)'     .3('      1.48 

1898-99 (K)  .00  .00  T.         T.        .45      l..w 

1899-19(H) W  .00  .00  .dO'LiHl'     .55      1.0»» 

1900-1901 (K)  .(K»  T.  .32     6.47       .(»0     3.44 

lWl-2 (K)  .00  .00  1.18        .2:t        .00        .70 

1902-3 00  .00  .00  .15        .97,1.66      1.42 

I9CKV-4 (KJ  .00  .00  .(H>        .(H)  ,     .00        .00 


Rain- 

Feb. 

Mar. 

Apr. 

May. 

June. 

fall  for 
sea- 
son. 

T. 

1.72 

1.00 

1.58 

0.00 

&M 

5.16 

1.38 

2.99 

.  71 

.00 

11» 

.74 

.03 

1.75 

.10 

.08 

6.71 

.76 

1.05 

2.19 

.00 

.00 

8.7i 

.90 

1.39 

.28 

.00 

.00 

6.  OB 

1.28 

1.51 

1.08 

.00 

.50 

7.» 

1.72 

1.00 

.45 

.75 

.00 

5.91 

11.38 

4.05 

2.85 

2.90 

.32 

25.0 

.00 

.00 

2.08 

.22 

.00 

7.* 

.40 

3.54 

.50 

.00 

.00 

9.fii 

3:64 

.00 

1.94 

T. 

.00 

6.61 

.12 

3.68 

.43 

.00 

.00 

io.«J 

.88 

4.47 

1.02 

.60 

.00 

18.  «i 

1.15 

.:k) 

.00 

.00 

.00 

14.  J» 

6.48 

.25 

.80 

.90 

.00 

11.* 

3.36 

.80 

.24 

1.44 

.00 

8.9B 

2.91 

6.64 

.16 

.00 

.00 

15.14 

.55 

2.00 

.10 

.50 

.00 

6.«* 

1.01 

2.94 

1.08 

1.05 

.00 

19. -i^ 

.00 

2.91 

.25 

.38 

.00 

5.8^ 

3.96 

2.70 

.00 

.15 

.85 

15.6/ 

.2.S 

.80 

.10 

.'iU 

.00 

6.11 

.45 

1..55 

.00 

.00 

T. 

4.02 

.00 

.95 

1.59 

.89 

.00 

7.00 

4.2S 

.08 

.00 

1.00 

.00 

15. 6« 

2.77 

3. 07 

2. 56 

.00 

.00 

10.51 

1 .  60 

5.  51 

4.37 

.00 

.00 

15.68 

1.60 

4.40 

.82 

T. 

6.82 

.Vverai^r.  27  srasons,  lO.H:^  inches. 

Tlio  practical  otfoct  of  the  low  rainfall  over  the  valley  lands  is  that 
only  thos(»  crops  which  j^row  rapidly  and  mat  lire  (juicklycan  be  raised 
successfully  without  irrij^ation.  Barley  and  oats  for  hay  and  grain  arc 
the  princi|)al  ci'ops  Miccessfully  cultivated,  and  during  unusually  dry 
piM'iods  the  <riaiii  may  fail  to  mature  and  even  the  hay  prove  only  a 
partial  cro[).  Some  vineyards  in  the  .sandy  lands,  an  occasional  small 
throve  of  olive  trees,  and  a  few  apricots  are  also  cultivated  without 
the  artificial  application  of  water,  but  much  the  greater  portion  of  the 
acreage  cultivated,  and  all  of  the  more  valuable  lands,  are  under 
irrigation. 
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KAINFALL. 
^Gn^O^  rmird^,  RedktndMy  CW. 


111 

Rnln- 

tr. 

Jwly- 

A««. 

Sept. 

otsi. 

Kov. 

I>fie> 

J»n. 

Feb. 

Miir 

Apf. 

VAy. 

Jtini*. 

1^1 1  for 

0.08 

1.17 

K'm 

O.M 

Q.IM 

0.00 

I.4S 

aoo 

0.90 

O.St 

l.M 

O.HS 

IS.  7a 

A.m 

S.OS 

:m 

,10 

,eH 

.00 

2fi.^ 

..*...*..« 

.00 

Zli 

.IS 

.20 

.00 

s.a2 

.00 

9,38 

1.19 

.91 

1,10 

.2S 

19.00 

.00 

l.«8 

.»7 

.00 

.00 

l.Al 

.w 

4.37  I  2.0K 

.!« 

.00 

.00 

11.  M 

^,,,., 

.00 

.00 

M 

.00 

.63  1  \.m 

S.02 

S,B8  1  7.22 

,2B 

,00 

,00 

10.87 

.21 

,D0 
,00 

.00 
.Off 
.00 

.60 

.Bft 

,m\  3.4e 

,00  j  7.3S 

2,08 1  .aa 

1.4S 

£,66 
1.52 

1,04  1  1. 01 
1.30     3.2V 
,2*     S.ttfl 

1*»7 
.01 

.44 

,57 
1.14 

.00 

,ou 

.00 

10.  IS 

,17  1     ,07 

.00  :    .OS 

22.00 

7.fil 

.01 

.00 

.IKJ     1.72 

a,  07  1  l.ST 

f».Il 

5.^  ,  :i.oo 

.14 

.iS 

.00 

*2i.m 

.oa 

,00 

M     2.SII 

.1«  j    .70 

1,% 

.79       .90 

.31 

2.1ft 

,00 

10.9$ 

— *-' — ** 

*10 

.00 

.00       .H 

.22  1    ,02 

1.92 

,71 

l.AO 

.08 

,24 

,«7 

tM 

.00 

.u 

.Oft  'i    .d& 

I.2SJ     .M 

1.20 

T. 

.7N 

2.08 

1.41 

.00 

7.90 

.M 

.00 

.60  )    ,!a 

»,88  1     .00 

2.25 

%.'m 

A^ 

T, 

l.SS 

.<H 

13,11 

.00 

.DO 

.00,    .Wi 

.0»j    T. 

l.«U 

2,Ji« 

^82 

.m 

,a» 

.31 

(t.flO 

.07 

,00 

.00 

.06 

\,m 

i.eo 

I.IB 

1.41 

fi.Mi 

%m 

.IS 

.00 

lA.aa 

-00 

M 

.M 

.00 

M 

.00 

.20 

1,S0 

4.(V6 

M 

»48 

.00 

S.4A 

II 


■bUi 


,  13.48  lneh««. 


!  very  contiition  of  aridity  b  not  without  roTiipensatiiifi  iulviin- 
It  Ks  recognized  by  soil  experts  everywhere  that  arid  landHare 
illy  fertile*  Ahimdant  rainfall  heaehes  the  koII^  of  certain  val- 
M>luble  fertilizing  elemental*  In  the  arid  regions  these  soluble 
nis  are  retained  in  the  ^oils,  which  are  t!orres|>iJndijiglv  pro- 
e.  Aridity  also  means  a  large  proportion  of  bright,  clear  day?*, 
lerefore,  where  water  ean  \m  arti fit  ally  applied  lu  the  j^otlti,  the 
f  throwing  conditions.  The  InHieh  lands  ahniit  Sun  nrrnunlino 
'  combine  these  advantages.  Their  soils  are  fertile,  warm  and 
le  as  to  tempemture,  free  from  alkalinity,  and  where  water  has 
ipplied  to  them  have  become  among  the  most  valuable  agricul- 
ands  in  the  United  States.  Citrus  fruits  of  the  better  varieties 
Itivated  upon  them,  practically  to  the  exclusion  of  other  crops, 
rn  142— 05 2 
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Rninfali  reciyrd^^  San  Bernardino^  CaL 


[Ha: 


Year. 


1870-71 

1871-72 

1872-78 

1878-74 

1874-76 

1875-76 

1876-77 

1877-78 

1878-79 

1879-80 


July. 


1880-81 1 

1881-82 ' 

1882-83 

1888-HI , 

1884-85 « 

1885-86 1 

1886-^7 , 

18x7-8*< ; 

18SK-8y 

18H9-90 

is90-yi ; 

1891-112 

1H92-93 

lK9:i-91 

18«M-9n 

ls9r>-«H; 

18%-97 ' 

1897-98 ' 

1S«»S  w 

18l»l»-1900 

19UIV-IW1 

1901-2 

1902-:J 

1903-4 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.07 

.11 

.00 
,00 
.00 
.19 
.1)0 
.00 
.W) 

.11 

.IK) 

.17 

.13 

.00 

.(K) 

.20 

.W 

.00 

T. 

T. 

.W) 

.1(0 

.:<t 

.(K) 

.01 


Aug.  I  Sept.  I  Oct. 


0.00 
.04 

.18 
1.06 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.IK) 
.00 
AM) 
.04 
.IK) 
.«« 
2.16 
.91 
.00 
.») 
.16 
.(X) 
.17 
.00 
.(K) 
T. 
.IKJ 
•27 
.(K> 

.ir> 


0.02  I 
.13  i 
.(Ml 
.02 
.06 


I     .00 

'     .00 

I 

,     .00 

I  .02 
.01 
.00 

,  .(K) 
.00 
.  53 
.00 

,  .00 
.IK) 
.09 
.(K) 
.11 


.W 
.0.^) 
..S7 
.W) 
.(K) 
.13 
.W 
.01 
.23 
.07 
.(K) 
.  16 


0.09 
.60 
.00 
.01 

1.82 
.00 
.20 

.14 

.94 
.11 
.80 
.10 
.H5 
.00 

.:» 

.(K) 

1.17 

.05 

2.30 

.5s 

T. 

.  16 

1.0.'> 

.15 

.<K) 

2. 10 

2.10 

.UJ 

.SI 

.  36 

l.li«.» 

.W 

.07 


Nov. 

liec. 

3.11 

0.H» 

.8K 

3.91 

1.17 

4.40 

.74 

5.73 

1.88 

•J.  20 

7.50 

.O-J 

.40 
.50 
.05 
3. 40 
.67 
.27 
.15 
.09 
.11 

4.:w> 

.11 

2. 2V» 

4. 12 

2. 23 

1.27 

T. 

lAr> 

.30 

.(H) 

l.M 

.98 

.21 

.0;') 

1.47 

6. 10 

.2x 

1.9t 

.(K» 


.00  I 

4.70  I 
6.50  I 
8.80 
.50  1 
.45  \ 
2.<W 
3.75  I 
1.20  I 

.m  I 

1.91 
4. 64 

10.  S5 
3.02 
1.67 
2. 23 
2.2S 
7. 25 

.  m 

1.0<.) 
.■■>7 
.41 
.M 
.IK) 
.01 

1.9i 
.(» 


Jan. 

Feb. 

Mar. 

ApF. 

Hay. 

1 
6.91     ±21 

0.19 

O.U 

Ckll  1 

.00    3.-J0 

.37 

.79 

.00 

A.  ho     L2& 

.M 

.M 

,21 

5.fil      K.71V 

1.0» 

.48 

.42 

7.20       Ahi    .22 

.07 

.06 

a.Ki     1.9a  ,  JL4I 

.44 

,08 

!i.M)  .  4.(»  1     .IQ 

.'i« 

.30 

t*  \i^ 

fi  fix 

2.57 

1.71 

.m 

3.59 
1.56 
1.40 
1.11 
1.60 
1.<W 
2.79 
6.34 

.39 
4.01 

.93 
5.44 

.00 
a.  24 

4.  .5:^ 

1.26 
7.  .S\» 
2. 02 
3.  10 
2. 10 

2.  (« 

.n 

3.  4S 
l.(V> 

i.9<; 

.IH 


1.00 
1.33 

.34)1 
2.C»5 
1.10  I 
12.20  I 

6.44  I 
3.60  I 
1.50  ' 
2. 52  ! 
7.78  ' 
3.30 
3.37 

.8K 
1.11 

.00  ; 
5. 40 

.60 

.51 

.Ol» 
4..5S 
3. 02 
1.67 


.50  I 
1.45  I 
1.66 
3.80 
2.82 
9.95 

.28  ' 
4.18  j 
4.41  ' 
.S.41  I 
6.55  \ 

.89  ' 

.06  ' 
1.75  i 
8.00  ■ 
..LSI 

3.44 ; 

2.92 
3.41  ' 

.97 
3. 22 

.92 

.13 
3.^9 
6. 47 


1.20 

5.00 

.46 

2.91 

2.95 

5.68 

1.89 

2.36 

1.90 

.58 

2.05 

.00 

.58 

.87 

.48 

.40 

.64 

.37 

.08 

.4H 

.07 

1.9ii 

..56 

.57 

3.10 

.80 


.24  1 

.04 

.01 

.00 

.00 

8.17 

1.69 

.82 

.42 

.52 

I.IS  I 

.81  I 

1.67  I 

2.10] 

.08  I 

.«! 

.44, 
1.00  I 

.11  ' 
1.08  I 

.19  \ 
1.71  , 
1.23  I 

:»; 

.16  . 


June 


I>.fl7 


.08  I 
.00 
.00  I 
.00 
.00 

•»i 

.19 
.16  ' 
.22  ; 

.as; 
.00 ' 
.00  I 
.00' 

.08 
.00 
.00 
.00 
.00 
.00 
.00 
.95 
.00 
.05 
.15 
.00 
.00 


XLU. 

aoL»- 
ii»* 
ii.a 

HIT 

lafl- 
lii^ 

17.1^ 

25l^ 
18.  <i^ 
14.^ 
lt.«^ 

20.^ 

16.  r-^ 

8.^ 
7.4ir 
8.«f 

17.  IB 
11. » 
17. 4S 

9.87 


Avi'ni»f«'.  34  yrars.  l.\0<>  indu'jj 


Tlu»  jiv(»ni^^(»  soiisoiuil  rainfjill  iit  San  Horiuirdino  for  thirt^'-four 
years  i.s  \7^.{)k\  iiich(\s.  It  is(»stiii»at(^l  by  iiiot<M)rolo^ist.s"  that  a  record 
which  has  I)immi  kept  for  thirty-Hvo  years  j^ives  an  avenige  that  is 
within  2  per  rent  of  tli<»  correct  tinal  avei*a^e,  so  that  for  practical 
])iirpo.s(\s  it  may  he  assiniHHl  that  this  San  Bernardino  avenijre  is  final. 
It  is  int(Mv.stin^^  to  note  that  the  average  for  the  hist  ehnen  sea,sons, 
beginning  with  that  of  lsj»:M>4.  has  been  Imt  12.15  inches,  nearly  20 
per  cent  h»ss  than  tin*  genenil  average,  whil«»  for  the  t(»n  pnH'cding 
scMisons  th(»  av(»rag(»  was  20.11  inches,  oi'  more  than  H/^i  jK^r  cent  alK)ve 
the  geneml  av(»rage.     The  fac^t  that  tlie  last  decade  has  l>een  one  of 

"  Hlnnit*.  Alfxandor  R.,  Tlu»  iiicHti  »»r  average  rainfall  and  the  flii<'tUHUon«  t<»  whhli  it  U  siibjwt: 
rnx.'.  lUMt.  Civ.  Kng.,  vol.  109, 1892.  pp.  89-172. 


1^^^ 

RM4U.I 


RAINFALL* 


¥infall  IN  \'i*ry  ^m?  rally  recogniseed,  but  it  iw  not  by  any  meanM 
liftr  uudiM's^kMHl  tlmt  Ui«.'  preci^diiig'  decade,  with  wbidi  tlie  lajit 
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Imrt  Hhowinff  variatfon  from  average  rainfall  at  San  BeniBrrlino.  Cal.    a,  Average  for  34 
years  (ir>.06  inohcH). 

Jly  compared,  wa«  one  of  great  excess.     This  decade   includes 
enomenal  season  of  1883-84,  with  a  precipitation  of  87.5  inches, 
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12  inches  more  than  that  of  any  other  season  in  the  thirty-foair 
years,  and  probably  much  the  wettest  winter  in  a  half  century.  Th© 
driest  season  in  the  record  is  that  of  1898-99,  with  a  rainfall  of  7.40 
inches,  only  half  of  the  average,  and  the  driest  group  of  three  years 
is  that  ending  with  the  winter  of  1899-1900,  with  an  average  of  8.13 
inches. 

It  is  also  perhaps  not  clearly  understood  that  in  countiies  of  la^v 
rainfall  there  will  be  more  seasons  below  the  average  than  above  it>. 
The  less  the  average  rainfall  the  greater  this  preponderance  of  dry 
seasons.  With  an  average  of  15  inches,  as  at  San  Bernardino,  the 
preponderance  is  not  great,  there  having  been  eighteen  seasons  belo'^^ 
and  sixteen  above  during  the  last  thirty-four  years.  At  San  Diego-i 
with  an  average  of  about  9.5  inches,  there  have  been  twenty-nine  sefii-' 
sons  below  this  average  and  twenty-five  above  it  during  the  last  tifty ' 
four  winters.  This  condition  arises  from  the  fact  that  where  tt»^ 
rainfall  is  low  the  occasional  very  wet  winter  gives  an  excess  of  pi*^* 
cipitation  equal  to  or  even  more  than  the  whole  amount  of  the  avex*' 
age,  while  there  are  no  seasons  with  an  equally  great  deficiency;  henc?^ 
more  than  one  winter  of  minimum  rainfall  is  required  to  balanc?^ 
a  winter  of  maximum.  To  illustrate,  during  the  season  of  1883-8-^ 
37.51  inches  fell  at  San  Bernardino.  The  lowest  rainfall  of  which  w^* 
have  recoixl  is  that  of  the  winter  of  1898-99,  with  a  precipitation  o^ 
7.49  inches.  The  first  was  22.45  inches  above  the  average,  the  othe^ 
but  7.57  inchejj  below,  so  that  nearly  three  years  of  this  minimuas 
would  have  to  be  combined  with  one  of*  the  maximum  to  give  th© 
average.  There  can  not  be  a  deficiencj-  of  more  than  16.06  inches, 
while  there  is  no  limit  mathematically  to  the  excess. 

80IT^8. 

The  soils  of  the  upper  part  of  the  valley  of  southern  (llalifornia  may, 
for  convenience  of  discussion,  be  classed  as  indigenous  and  introduced. 
By  the  former  are  meant  those  which  are  due  to  the  decay  of  the 
underlying  or  immediately  adjacent  rock  masses;  by  the  latter,  those 
which  have  been  brought  by  stream  action  from  some  distant  source. 

Ill  the  ultimate  analysis  nearl}^  all  valley  soils  belong  to  the  latter 
cla.ss,  since  rocks  of  sedimentary  origin  themselves  represent  material 
which  was  transported  at  an  earlier  time  from  some  more  or  less  dis- 
tant point.  But  for  our  purpose  the  origin  will  not  be  traced  so  far 
back.  If  the  soil  is  derived  from  an  underlying  or  adjacent  rock 
mass  it  is  classed  as  indigenous,  whether  that  mass  is  a  late  sediment 
or  not. 

The  soils  of  the  valley  bottoms  Ijelong  in  all  csises  to  the  derived 
tyix*.     They  are  the  innnediate  products  of  the  erosional  activity  of 


tk 4miiiii*,  which  with  the  uplifting  of  the  mauntiiin  tiia^nes  began 
tbp  work  of  eatiyon  cuttiiijf,  dopcjMititig  tho  miiti*rial  whJch  they 
D^rmneil  iii  this  pi*ocess  nvf^v  thr  lo^^'latidn  hi^yorid  the  cimyDn  luotith. 
The  ^ra  V  e  h  h  nd  »«>i  L  then,  i  n  th  o  a  I  h  i  \^  in  I  fa  n  Km  i  1 1  u  hu  u  t  th  v  n  j  o  ii  1 1 1 
of  any  ranyon,  represent  only  the  ro^k^  that,  are  found  within  the 
drainajre  ha^in  of  the  stream  which  flows  from  it.  In  the  lower  area 
iknit  the  junction  of  two  fans  the  rotik  tvptvs  of  each  ai'e  minghid,  and 
wvll  out  near  the  center  of  the  valley,  where  the  various  tributaries 
join,  there  will  be  a  type  due  to  a  mixture  of  all  the  contributing 
varietie:^. 

The  sK)il-produeing  materials  yielded  by  the  canyon  of  the  Santa 
Am  are  largely  derived  from  the  dioritic  rock 8  which  outcrop  almost 
esciu^iively  in  its  liasin.  Mill  Creek,  in  addition  to  dioritic  and 
^tliislotie  i"tjck.s  yields  a  noticeable  |>ercentiige  of  sandstone.  Farther 
wcM M^histos^e  and  g^neiwsoid  elements  are  contributed  by  Plunge  C^reek, 
Uty  Creek,  and  PZa.st  and  Westt  Twin  ei'eeks,  while  from  the  lower 
part  of  l)i*vil  and  Badger  canyons  there  is  a  considerable  addition  uf 
lime^jtone  and  marble. 

Lytle  Creek,  which,  because  of  its  relatively  large  and  constant  flow, 
hks  built  out  a  big  alluvial  fan  at  the  south  base  of  the  8an  Antonio 
Mountains^  flows  throughout  its  course  through  schistose  rottks,  and 
^"w [tiers  of  the^e  are  numerous  in  Its  wash. 

Sin  Tinioteo  Canyon  is  cut  in  gmvels  and  clays  from  Beaumont 
down  to  Redlands  Junction,  it  has  carried  int^  the  lower  valley  com- 
|Mnithely  little  material,  and  that  little  is  hue  in  comparison  with  the 
debris  of  the  great  fans  in  front  of  the  mountain  canyons,  although  it 
eon  tains  txjwlders  and  gmvels  derived  from  the  older  gravel  bed** 
which  outcrop  on  either  side  of  the  canyon. 

This  alluvial  material,  which  forms  the  greater  [mrt  of  the  floor  of 
the  present  valley,  is  very  coarse  and  absolutely  un tillable  about  the 
mouths  of  the  large  canj^ons,  where  the  lands  are  in  the  original  desert 
condition.  The  vineyards  about  Grapeland  are  planted  on  the  rather 
coarse  upper  slopes  of  the  Lytle  Creek  fan,  while  the  Rialto  citrus 
groves  are  on  a  lower,  finer  portion  of  the  same  feature.  The  low 
bench  which  lies  north  of  Redlands  and  extends  west  from  Mentone 
nearly  to  Colton  is  of  coarse  gravel  near  its  upper  portion;  fine  gravel 
and  sand,  on  which  excellent  crops  of  grapes  are  produced,  midwa^^; 
and  sandy  clay  and  loam  farther  down,  in  the  vicinity  of  Idlewild. 
One  group  of  low  sand  dunes  has  formed  north  and  west  of  Slover 
Mountain.  These  generall}^  are  untilled,  although,  since  they  are  low 
and  no  longer  in  motion,  it  is  probable  that  they  could  be  successfully 
cultivated  if  suflScient  water  were  available. 

Clays  which  are  often  sandy  lie  in  the  central  part  of  the  valley 
in  the  artesian  belt,  where  they  are  sometimes  mixed  with  vegetable 
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mold.  They  represent  the  lowest  and  finest  phase  of  the  alluvial-fan 
deposits  laid  down  just  back  of  the  dam  formed  by  the  Bunker  Hill 
ridge. 

Thus  it  is  seen  that  the  introduced  soils  exhibit  great  variety  in  tex- 
ture and  a  less  marked  variation  in  composition,  the  latter  variaiit 
depending  upon  the  origin  of  the  material  in  one  or  the  other  portions 
of  the  surrounding  mountains  and  the  later  admixture  of  vegetable 
matter,  while  the  former  depends  largely  upon  the  distance  of  the 
soil  particles  from  their  source. 

The  mesa  soils  exhibit  somewhat  less  marked  differences.     Over  the 
high  lands  south  and  east  of  Riverside  they  are  derived  largely  froK^ 
the  underlying  and  adjacent  diorites,  so  that  here  thej'^  have  many  of 
the  chai*acteristics  of  a  granitic  sand.     Generally  they  are  coarsef 
along  the  easterly  higher  parts  of  this  mesa  and  finer  in  the  lower 
parts  nearer  Arlington.     Since  that  part  of  the  mesa  which  lies  nortl^ 
of  TerquiHcjuito  Arroyo  and  extends  through  the  east  Riverside  dis-' 
trict  to  the  blutf  above  Santa  Ana  River  is  built  up  of  gravels  and 
alluvium,  instead  of  bi»ing  floored  bj^  the  massive  diorites  of  the  region 
farther  south,  the  soil  is  freer  from  grit  than  in  the  latter  locality, 
btMng,  indeed,  a  rich  loam  over  much  of  the  area. 

The  soil  of  the  Redlands  bench,  including  Smiley  Heights,  Redlands 
Heights,  and  the  slope  south  of  Cmf ton,  is  a  clay  or  loam,  sometimes 
gravelly,  derived  from  the  weathering  of  an  old  alluvium,  which, 
except  in  its  distribution  and  probable  extent,  is  not  unlike  that  which 
the  rivers  are  depositing  in  the  great  debris  cones  to-day.  Its  material 
is  somewhat  finer,  clay  predominates  to  a  greater  degree,  and  the  old 
weathered  red  surfaces  testify  to  slower  deposition,  or  perhaps  to 
longer  exposure  to  atmospheric  agencies  before  deix)sition. 

The  Highlands  and  Kast  Highlands  benches  and  that  l^ing  between 
the  Mill  Creek  and  Santa  Ana  canyons  furnish  similar  soils  derived 
from  the  old  alluvial-fan  material.  That,  like  the  modern  alluvium, 
is  somewhat  coarser  next  to  the  niountjiins  and  near  the  mouths  of  the 
greater  ciuiyons.  Hut  even  where  coarse  it  contains  a  notable  admix- 
ture of  clay,  which  furnishes  a  basis  for  a  fertile  soil. 

The  most  absorptive  soils  extensively  cultivated  are  probably  the 
sands  of  the  low  river  terraces  north  and  northeast  of  Redlands,  and 
perhaps  those  least  absorptive  are  the  clays  of  the  bottom  lands  about 
San  Bernardino.  Absorptive  capacity  depends,  among  other  things, 
upon  the  coarseness  of  the  soil  particles,  or,  as  it  has  been  well 
expressed,  uix)n  the  ''effective  size  of  grain."  Hence  the  clay  and 
loam  soils,  whether  upon  the  mesa  lands  or  in  the  bottoms,  require 
nmch  less  water  for  irrigation  than  the  more  open  sands  and  gravelly 
soils.  Another  element  which  is  of  the  utmost  importance  in  deter- 
mining the  amount  of  water  that  must  be  applied  in  order  to  mature 
crops  is  the  character  of  the  subsoil.      If  this  is  coarse  and  open, 


Nut^nm.]         ^^^H  WATKR   ^TTPPLY. 

readilv  draitiin^  the  water  from  the  cultivated  Kurfac**,  the  waters 
brought  for  irriir^itiiUi  may  *iinrkly  [hih?*  down  nut  of  vem^h  of  the  M 
plant  rotjt.s.  On  thi' (ithiT  hand,  a  r'oni[m<-t  uikI  iinj)**rvioit!^  hanlpan  ~ 
holds  thr  wrttr*i>*  until  tbev  an*  ithsnrf^id  fjy  the  (ilaut^.  If  hod  nx*k 
[if^  juHt  under  tht*  soil  It  may  starve  tlu>  ,sauK'  [>ur|R*M*.  Ati  t*\(**»ntvnt 
rumple  of  the  effect  of  thin  laUer  rtOatiun  is  to  he  found  near  the 
eiBitern  end  of  the.Inrupa  Mountain:^.  The  road  from  BiiKimington 
toWe^t  ItlverHide  riuiH  thrfuiifh  a  wide  valley  separating  an  eanti^ni 
outlier  of  this  group  from  the  main  mass.  The  soils  within  this  valley 
ire  a  rasultof  the  de^cay  in  plaeeof  the  dio rites  and  sehif^Lsof  the  hills* 
Tbcy  are  not  of  threat  depth  and  the  massive  and  almost  impervious 
Frx^k  i.s  just  beneath  them.  A  small  apricot  orchard  luus  been  planted 
In  the  north  end  of  thi«  pass,  aJK>ut  2i  miles  south  went  of  Bloom  ington, 
aii4iilthough  not  irrigated  it  U  in  a  flourishing  condition  and  yiehU 
ibQiidant  crop-^.  The  orchard  is  young  and  has  been  in  bearing  pine- 
ticrtlly  only  during  the  yeurs  of  light  rainfall,  which  began  with  the 
winter  of  I8!l7-tl8.  The  explanation,  it  is  believed,  is  to  lie  sought  in 
tb<*  fact  that  the  impervious  bed  rork  at  this  jKUnt  is  so  near  the  sur- 
fed. The  water  which  aecunu dates  through  winter  niinfall  seeps 
Kery  slowly  over  this  gently  sloping  tloor,  and  the  slight  spring  and 
jtuinuier  seepage  froui  the  surrounding  hills  and  slopes  is  also  held 
bi^ri'  HI  thin  reach  of  the  pinnt  nn^ts  initil  the  ciop  is  maturijd.  lit 
lewfavorabh'  IfMialitivs  apricots  require  irrigation,  or  without  it  ai*e 
oeeertain  in  yield. 


WATER  e4UPl*I,Y. 

The  ultimate  source  of  all  the  water  to  be  found  in  San  Bernardino 
Valley  is  the  rainfall  within  the  drainage  basins  tributary  to  it.  This 
^ftateraent  needs  to  be  clearly  made  at  the  beginning  of  any  discussion, 
because  it  is  constant!}'  stated  that  some  remote  point,  like  Colorado 
River,  or  even  the  Pacific  Ocean,  may,  by  a  process  never  clearly 
explained,  supply  the  bountiful  waters  found  in  the  San  Bernardino 
cienaga.  Aside  from  the  inherent  impossibility  of  such  waters  rising 
above  their  sources,  or  being  filtered  free  of  salt  in  the  case  of  the 
Pacific,  it  is  to  be  remembered  that  the  intervening  hills  and  moun- 
tains are  much  more  ettective  and  impenetnible  dams  than  any  built 
by  man.  The  fissures  within  them  are  not  extensive,  and  the  great 
faults  which  mark  the  more  important  passes  through  them  are  so 
sealed  by  the  pressures  that  accompanied  their  formation  as  to  be 
nearly,  if  not  quite,  as  impervious  as  the  unbroken  rock. 

EFFECT  OF   FORESTS. 

The  precipitation  which  is  the  source  of  all  the  water  falls  almost 
exclusively  in  the  winter  months,  from  November  to  April,  inclusive. 


i 
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Practically  all  of  that  which  falls  upon  the  flat  and  porous  valley  lancLs 
is  absorbed  immediately  or  returns  to  the  air  at  once  by  evaporation. 
Of  the  greater  amount  which  falls  upon  the  mountain  slopes,  a  large 
proportion  is  absorbed  by  the  soil  and  humus  where  vegetation  haa 
not  been  destroyed  by  fire  and  the  unprotected  soil  swept  from  the 
bare  rocks  by  succeeding  storms.    This  moisture,  taken  up  by  the 
vegetable  mold,  the  soil,  and  the  rock  debris,  is  released  slowly  during 
the  succeeding  months  and  is  the  source  of  the  important  summer  flow 
of  the  mountain  streams.     The  denser  the  vegetable  growth  and  the 
thicker  the  soil  covtt  on  the  mountain  slopes  the  more  effective  this 
direct  storage  of  the  winter  rains  and  the  more  uniform  the  streao* 
flow  during  the  summer  months.    These  facts  are  brought  out  b5 
some  measurements  made  for  the  Bureau  of  Forestry  in  the  San  Be^' 
nardino  Mountains  in  1899  and  published  in  a  paper  by  J.  W.  Toumey  ^ 
entitled  ''The  Relation  of  Forests  to  Stream  Flow."^   The  following 
extract  contains  the  essence  of  the  paper: 

In  a  careful  study  of  the  behavior  of  the  stream  flow  on  several  small  catchmen  ^ 
areas  in  the  San  Bernanlino  Mountains  it  has  been  found  that  the  effect  of  the  fores^^ 
in  decreasing  surface  flow  on  small  catchment  basins  is  enormous,  as  shown  in  thcr 
following  tables,  where  three  well-timl)ered  areas  are  compared  with  a  nontimbered 
one: 

PrecipitcUion  and  run-off  during  December^  1899. 


Condition  as  to  cover. 

Forested 

Do 

Do 

NonforcHtcd 


Area  of 

catchment 

basin. 


.S^.  miles. 
0.70 

i.a5 

1.47 
.53 


Precipita- 
tion. 

'  Run-off  per 
'  square  mile. 

Run-off  in 
tation. 

Inchcif. 

Acre-feet. 

Percent. 

19^ 

1           36- 

3 

194 

73r 

6 

19  J- 

70- 

6 

la- 

312+ 

40 

At  the  l^eginning  of  this  rainy  season,  in  early  Deceml)er,  the  soil  on  all  four  of 
tht^»  basins  was  very  dry  as  a  result  of  the  long  dry  season.  The  accumulation  of 
litter,  duff,  humus,  and  soil  on  the  forest-covered  catchment  areas  absorbed  95  per 
cent  of  the  unusually  large  precipitation.  On  the  nonforested  area  only  60  per  cent 
of  the  precipitation  was  abaorl^ed,  although  the  rainfall  was  much  less. 

Tininfall  and  run-off  during  Jammry^  February^  and  March^  1900. 


Condition  uy  to  cover. 


Forested 

Do 

Do 

Nonforeeted . 


Area  of 

catchment 

boHin. 

I  *reci  pi  ta- 
tion. 

Inche». 

Runoff  per 
square  mile. 



Actf-Jeet. 

Run-off  in 
percentage 
of  precipi- 
tation. 

»Sf/.  viUes. 

Percent. 

0.70 

24 

452 -f 

35 

1.05 

24 

428-h 

33 

1.47 

24 

657-j- 

43 

.53 

16 

828-f 

05 
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The  mofit  striking  feature  of  this  table,  as  compared  with  the  previoos  one,  is  the 
oniionnly  larjce  run-off  as  eoniparet)  with  the  rainfall.  Thin  clearly  shows  the 
dMniHHis  amount  of  crater  taken  up  by  a  dry  soil,  either  forented  or  nonforested,  as 
AMDpared  with  one  already  nearly  filled  to  saturation.  During  the  three  months 
here  noted  on  the  forested  basins  about  three-eighths  of  the  rainfall  appeared  in  the 
niiH)S,  while  on  the  nonforested  area  nineteen-twentieths  ap{)eared  in  the  run-off. 

Rapidity  i>f  decrease  in  run-off  after  tfie  vU>ne  of  the  rainy  season. 


Goodition  ma  to  cover. 


Forerted.... 

Do 

Do.... 
5oaforested 


Area  of 

catchment 

basin. 


Sq.  mile*. 

0.70 

1.05 

1.47 

.53 


PrcciDitA     ^^^^  run-<»ff  May  nin-off '  June  run-off 
tion  permjuare     |»er8|^uar«  ,  peraquare 


Inches. 
1.6 
1.6  I 

1.6  i 

1       I 


Acre-feet. 

153- 

146- 

166  4 

564 


mile. 

Acre  feet. 

66- 

70- 

74- 

2 


mile. 


I 


Acre-feet. 

26- 

30- 

30-f 

0 


The  above  table  clearly  shows  the  importance  of  forent  in  Hustainin^  the  flow  of 
Boontain  streams.  The  three  forested  catchment  area**,  which  during  December 
experienced  a  run-off  of  but  5  per  cent  of  the  heavy  precipitation  for  that  month 
ind  which  during  January,  February,  and  Manrh  of  the  following  year  ha<l  a  run- 
off of  approximately  37  per  cent  of  the  total  precif)itation,  exj)erienced  a  well- 
nstained  stream  flow  three  months  after  the  close  of  the  rainy  treason.  The  non- 
irin^4e<l  catchment  area^,  which  during  December  exj)erienced  a  run-off  of  40  per 
cent  of  the  rainfall  an<l  which  during  the  three  following  months  had  a  run-off  of 
ifei  percent  of  the  prtH'ipitation,  exixjrienced  ii  run-off  in  April  (per  square  mile)  of 
It^  than  oiie-thinl  of  that  from  the  forested  catclnnont  areas,  and  in  June  the  How 
mmi  the  nonfore,**te<l  area  hml  cease*!  altogether. 

In  view  of  these  facts,  which  illustrate  conditions  of  wid<*  applica- 
tion, no  policy  can  be  conceived  which  would  b<»  more  suicidal  than 
one  which  would  permit  the  stripping;  of  forests  or  the  destruction 
of  these  or  the  chaparral  by  tires.  The  iinniediatc  and  direct  result 
would  l)e  the  washinj^  away  of  the  earth  and  humus  by  the  tiist  winter 
rains,  and  thereafter  destructive  floods  in  winter  and  dry  stream  beds 
in  summer.  The  opposite  policy  that  of  ])reservin^-  and  extending 
the  forest  and  brush  cover — may  be  expect<'d  to  tend  slowly,  and  almost 
inj|>*rreptibly  perhaps,  but  none  the  less  surely,  toward  an  equaliza- 
tion of  the  summer  and  winter  flow  of  the  mountain  stnMims.  No  pub- 
lic work  is  deserving  of  fuller  support  and  more  hearty  cooperation 
on  the  partof  the  citizensof  southern  (alifoniia  than  thisof  conserva- 
tion of  the  existing  plant  growth  and  of  forest  extension.  It  is  one  of 
the  curious  anomalies  of  human  natur**,  i)ut  one  to  which  Department 
workers  are  well  used,  that  those*  who  have  had  the  work  of  forest 
prejiervation  in  hand  have  often  iiad  to  meet  bitter  opposition  from  th(» 
very  citizens  whose  vital  interests  they  were  at  the  time  protecting. 

Before  the  advent  of  man  in  San  Bernardino  Valley  all  the  waters 
of  the  mountain  streams,  except  during  periods  of  exceptional  flood, 
promptly  «»nk  when  they  reached  tlie  coarse  debris  cones  at   the 
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mouths  of  their  canyons  and  continued  their  journey  seaward  through 
the  jjorous  sands  and  gmvels  witli  wliich  the  valleys  are  tilled.  They 
rose  to  the  surfaci*  a^ain  only  when  in  their  underground  passage  they 
reached  some  impervious  ol)stjicle  like  the  Bunker  Hill  dike  above 
('olton,  or  the  iKni-rock  obstructions  at.  Riverside  Narrows  and  in  the 
lower  canyon  of  the  Santa  Ana. 

The  developments  of  the  last  fift}^  years,  however,  and  especially  of 
the  last  thirty,  have  resulted  in  the  appropriation  of  practically  all  of 
the  normal  tlow  of  thcvse  streams  for  pui'poses  of  irrigation.  Much 
the  greater  part  of  this  diverted  stream  water  is  returned  to  the  land 
within  the  valley  in  the  process  of  irrigation,  hut  when  thus  used  and 
spread  out  over  a  large  acreage  of  relatively  tine  soil  a  very  much 
larger  proi)ortion  evaponites  directly  than  when  the  water  entered  tb© 
coarse  gmvels  at  the  mouths  of  canyons  previous  to  its  diversion;  anA 
another  important  percentage*  is  absorbed  by  the  growing  plants  and 
is  transi)inHl  through  them  into  the  air. 

RETURX    WATERS. 

Th(*  percentage  of  iirigation  water  which  returns  to  the  underground- 
reservoirs  imist  vary  greatly  in  different  loi'alities  and  with  varying 
soils  and  irrigation  customs.  The  sandy  soils  of  some  of  the  bottom 
lands  are  so  loose  that  the  water  i)ercolates  rapidly  through  them  and 
nmch  of  it  is  beyond  the  reach  of  the  plant  roots  l)efore  it  c^n  be 
absorbed.'  In  the  finer  loam  and  clay  soils,  especially  those  underlain 
by  an  impervious  hardpan  which  checks  the  escape  downward  of  irri- 
gation water,  probably  but  a  snnill  percentage  avoids  evaporation  and 
absorption  and  so  returns  to  the  ground  wat^'r.  This  will  be  especially 
true  where  the  bettcM*  irrigation  methods  are  pmcticed  and  no  more 
water  is  put  upon  the  soil  than  is  needed. 

In  view  of  these  variable  and  uncertain  elements  which  enter  into 
the  ])robl(Mn,  it  becomes  imj)ossiblc  to  estimate  with  accuracy  the  pro- 
portion of  div<Mtcd  stream  water  which  again  becomes  available  for' 
use  as  return  water  from  irrigation.  It  can  only  be  said  that  the  per- 
centage nnist  vary  within  wide  limits,  perhaps  such  wide  limits  as  5 
and  50  per  cent,  and  that  with  improvements  in  irrigation  practice  it 
will  become  constantly  less.  Nevertheless,  in  certain  ffivorable  situa- 
tions, it  s(»ems  to  be  of  (considerable  importance,  and  may  result  in 
changing  an  arid  section  to  one  with  an  abundant  or  even  a  super- 
abundant supply.  Thus,  in  the  western  and  lower  part  of  the  River- 
sid(»  colony,  within  a  restrict<*d  area,  ground  watei's  have  increased 
during  years  past  until  bogs  have  formed  and  drainage  ditches  have 
become  necessary.  Fifty  second-feet  of  water  are  constantly  api)lied 
in  irrigation  to  the  higher  lands  which  drain  in  this  direction,  and  in 
the  past,  and  to  a  less  marked  extent  at  present,  there  has  been  over- 
irrigation  in  a  part  of  the  area. 
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Suite  Ana  Biver,  between  the  intake  of  the  lower  Riverside  canal 

nd  the  Aabnmdale  Bridge,  has   been  increasing  in  volume  since 

WMuements  were  first  made  in  1888.    The  following  table  indicatea 

•  tteezleot  of  the  increase  between  Riverside  Narrows  and  the  Aubnrn- 

Mb  Bridge,  bat  as  practically  all  of  the  water  flowing  at  the  first 

poiiit  rises  below  the  intake  of  the  lower  Riverside  canal,  the  differ- 

MS  between  the  earlier  and  the  later  measurements  there  is  also  to 

k  regarded  as  due  to  an  increase  in  the  volume  of  rising  ground 

nters. 

Di$ekarge  meaturemenis  ofScmia  Ana  River. 


188S. 
I1I7 16. 
Jaly  17. 

July  17 

ia|Qit21 

Ai«Dit22 

15.. 


1S88. 

Ai«ntl3 

A^gutM..... 
89lBmber27. 
September  2S. 

ifm. 

Aag:TMitl2 

AugiMtl3 


Point  of  meMorement 


Jumps  or  Riverside  Narrows  , 
do 

Aubumdale  Bridge 

Jarups  or  Riveralde  Narrows. 

Aabaixkdale  Bridge 

Jorapaor  Riverside  Narrows. 
Aabomdale  Bridge 


Jnrapaor  Rivenlde  Narrows. 

Aabamdale  Bridge 

Jorapaor  Riverride  Narrows. 
Aabnmdale  Bridge 


DiMharge. 


teka. 

Seamd-fBd, 

fi05.0 

10.1c 

525.0 

10. 5C 

72S.5 

14.57 

425.5 

8.51 

664.5 

13.28 

474.0 

9.4e 

709.5 

14.lfi 

560.0 

11.  OC 

777.5 

15.56 

560.0 

11.2c 

832.5 

16.65 

Junipa  or  Riverside  Narrows 

Aiilnirndale  Bridge ^     1, 112.5 

.funipa  or  Riverside  Narrows 

AuVmnidale  Brid^'e 1,  281.  5 


r- 


1891. 
^September  9  ... 
Sej»teiiil)er  10  . . 

1892. 

September  10  . .    Junipa  or  Riverside  Narrows 1 , 

September  1 1  . -i  Aubumdale  Bridge '    2, 

1899.  I 

September  9  . .  - 1  Jurapa  or  Riverside  Narrows 1, 

September  12  . . ;  Aubumdale  Bridge 2, 

1900. 

Jumps  or  Riverside  Narrows ,    1 , 

Aubumdale  Bridge 2, 


I 


July  27.... 
July  28.... 

1901. 
AngostaO.. 


Jurapa  or  Riverside  Narrows 1, 

August  27 1  .Aubumdale  Bridfl:e 2, 


937.  9 

18.76 

112.  5 

22.  25 

775.  0 

15.  5C 

281.5 

25.  h;^ 

4<?9.  1 

29.  :i^ 

171.4 

43.  41] 

984.5  1 

39.  6*^ 

991.5  , 

59.  8:^ 

1 
920.5 

38.41 

722.0 

1 

54.  4.^ 

693.5  i 

33.  87 

185.0 

43.70 
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Discharge  meamremenU  of  Santa  Ana  River — Continued. 


[1I0.1IS. 


Date. 


Point  of  meaKurement. 


DlMriMhge. 


Jurupa  or  Riverside  Narrows  . 
Rineon  Bridge  « 


1902. 

October  10 

September  2 . . 

1903.  I 

August  25 1  Jurupa  or  Riverside  Narrows 

August  19 j  Rineon  Bridge  « 


Miner** 

2,102.6 
3,750.0 


2,035.0  ; 
3,000.0  i 


'  SecoH/A^fttL 

43.25 
*        74.9a 

40.70 
60.00 


a  MeaflurementRare  now  made  at  Rineon  wagon  bridge,  instead  of  at  Auburndale  Brldce  aa  fomi- 
erly.  Measurements  made  at  these  two  points,  by  W.  B.  Clapp,  on  September  23, 1908,  indicate  tbat 
the  flow  at  the  former  point  is  about  one-third  more  than  at  the  latter. 


This  leather  remarkable  increase  is  usually  attributed  to  return 
waters  from  irrigation  in  the  vicinity  of  Riverside,  Pomona,  and 
Ontario,  and  it  is  probable  that  the  greater  part  of  it  is  correctly 
assigned  to  this  cause,  but  there  is  another  possibility  which  deserves 
to  be  considered.  The  decade  of  excessive  rainfall  ending  in  the  early 
nineties  thoroughly  saturated  the  gravels  near  the  mountains  in  this 
part  of  the  State.  Subsurface  percolation  varies  widely  in  rate,  this 
being  dependent  upon  the  coarseness  of  the  material  through  which 
the  water  passes.  Rate^  between  zero  and  96  feet  per  day  have  been 
measured  by  Mr.  Homer  Hamlin «  in  the  narrows  of  Los  Angeles 
River,  and  rates  with  lower  maxima  are  reported  by  Professor  Slichter 
from  Mohave  River  l)elow  Victorville  and  from  the  Paso  de  Baiiiolo. 
If  a  rate  of  25  feet  a  day,  or  loss  than  2  miles  a  year,  is  assumed,  the 
increasing  flow  of  Santa  Ana  Riv  er  during  the  last  sixteen  years  may 
be  due  in  part  to  the  slow  escape  to  the  river  of  the  waters  that  accu- 
mulated in  the  alluvium  near  the  mountains  during  the  decade  of  wet 
years  preceding  the  present  dry  epoch,  since  these  waters  would  have 
to  pass  through  from  10  to  20  miles  of  gmvels  between  the  canj'^on 
mouths  and  the  part  of  the  Santa  Ana  in  question.  No  criteria  are 
known  by  which  we  can  distinguish  between  these  two  possibilities  at 
present.  If  the  Santa  Ana  shrinks  again  later  during  a  period  when 
the  minimum  rainfall  of  the  present  decade  is  due  to  reach  it,  we  can 
conclude  that  its  fluctuations  are  to  be  atti'ibuted  to  this  slow  passage 
of  the  waters  of  wet  and  dry  periods  through  the  underground  pore»s. 
If,  on  the  other  hand,  its  increased  flow  is  maintained  or  continues  to 
increase,  this  will  prove  that  it  is  due  to  returning  irrigation  waters. 


"Hamlin.   Homer.  Tmlerflow  teMtN  in  the  drainage  ba^iu  uf  Ixm  Angeles  River:  Water-Sup.  and 
Irr.  Paper  No.  112,  1905,  pp.  34-50. 


appropriated  by  that  tibe,  led  to  an  extensive  use  of  the  under- 
nd  waters  of  the  artesian  belt  as  a  source  of  water  supply.  Dur- 
he  later  eighties  and  the  early  nineties  the  great  majority  of  the 
1  of  the  Grage  canal  system  were  put  down,  and  the  Riverside 
jr  Company  considerably  augmented  its  supply  from  Warm  Creek 
he  Santa  Ana  by  sinking  a  number  of  deep  wells  within  the  arte- 
belt.  The  Lytle  Creek  cienaga  was  also  developed  as  a  source  of 
istic  water  by  the  cities  of  San  Bernardino  and  Colton,  and  for 
ition  water  by  a  number  of  irrigation  districts, 
e  seemingly  unlimited  amount  available  in  the  great  cienaga,  and 
esistance  which  it  had  offered  previous  to  1897  to  the  drains  upon 
ring  the  preceding  decade  of  rapid  development,  led  to  great  con- 
oe  in  it  and  gave  many  the  impression  that  as  a  source  of  water  it 
ndependent  of  seasonal  variations  in  precipitation,  of  diversions 
reams  tributary  to  the  valley,  or  of  drafts  upon  its  stored  supply. 
incurrence  of  the  series  of  years  of  low  rainfall,  beginning  with 
inter  of  1897-98,  with  the  gradually  increased  use  of  waters  devel- 
during  the  preceding  decade,  soon  produced  its  effect,  however, 
or  some  years  the  artesian  area  has  been  shrinking,  the  flow  of  wells 
n  it  diminishing,  and  the  water  plane  without  it  rapidly  falling. 
icrease  of  rainfall  at  once  affects  water  lev^els,  as  is  shown  by  the 
nal  increase  of  flow  from  artesian  wells  during  the  winter  and  the 
cularly  noticeable  rise  in  water  levels  after  the  winters  of  1900- 
and  1902-3.  In  most  cases,  however,  these  improvements  in  con- 
is  do  not  last  through  the  succeeding  dry  season  because  of  the 
J  drafts  now  being  made  upon  the  basin.  The  general  reduction 
w  and  lowering  of  the  water  plane,  although  most  clearly  recog- 


30  HYDROLOGY   OF   SAN    BERNABDINO   VALLEY.  Ino.  14a.    <- 

crapacity  as  a  storage  reservoir,  the  rapidity  with  which  its  supply  .« 
may  be  renewed,  and  the  rate  at  which  this  supply  may  be  drawn 
upon  depend  upon  these  underground  conditions. 

ORIGIN   OF  SAN   BERNARDINO  BASIN.  T 

i-. 

A  great  fault  runs  northwest  and  southeast  thi*ough  Cajon  and  Sas  v^ 
Grorgonio  passes  and  along  the  base  of  the  San  Bernardino  MountaiiMi*  i^ 
In  the  movement  along  this  fracture  a  portion  of  the  earth's  cmakj.^ 
north  of  the  present  valley  was  uplifted  and  now  forms  the  San  Ber-  , 
nardino  Mountains,  while  the  valley  itself  represents  a  great  depressed 
area  south  of  the  fracture. 

Another  crustal  movement,  whose  beginning  at  least  may  well  have  ^ 
})een  contemporaneous  with  the  first,  both  being  very  late  geologically,  '^ 
resulted  in  the  lifting  of  a  ridge — the  formation  of  an  irregular  arched  '^ 
wrinkle — extending  from  the  San  Jacinto  Mountains  northwestward  ^ 
along  the  line  of  the  Badlands,  which  separate  San  Timoteo  Canyon  " 
from  San  Jacinto  Valley.  The  rocks  which  were  folded  into  this  arch  * 
are  soft  shales  and  sandstones  and  gravelly  alluvium,  like  that  depoe-  ^ 
ited  by  the  rivers  now  in  San  Bernardino  Valley.  This  fold  can  be  ' 
tmced  on  the  surface  as  the  Bunker  Hill  dike  to  a  point  nearly  S  i 
miles  somewhat  south  of  west  of  San  Bernardino.  It  probably  extends 
even  farther  in  the  direction  of  Lytic  Creek  Canyon  as  an  under-  ^ 
ground  feature,  buried  beneath  the  modern  wash,  but  there  is  no  sur- 
face indication  of  its  presence  there. 

This  clay  and  gravel  ridge  has  been  the  most  effectual  of  subsurface 
dams,  against  which  the  modern  stream  wash  has  accumulated,  and    ■ 
behind  which  the  waters  percolating  seaward  through  this  wash  have 
been  stored,  the  excess  rising  in  springs  and  flowing  over  the  dam,  to 
sink  again  in  the  sands  and  gravels  below. 

It  is  not  possible  to  determine  in  detail  the  character  of  the  floor  of 
the  San  Bernardino  basin,  but  we  can  gain  a  conception  which  is  prob-    . 
ably  correct  in  its  general  outlines  by  a  consideration  of  the  nature  of 
the  surface  whose  deformation  gave  rise  to  it. 

Before  the  San  Bernard^o  Mountains  were  uplifted  and  San  Ber- 
nardino Valley  was  formed  subaerial  erosion  had  reduced  an  earlier 
topography  to  a  condition  in  which  the  valleys  were  wide  and  genei'ally 
level  and  the  mountains  low,  although  often  steep,  because  the  granitic 
rocks  from  which  they  were  carved  weather  characteristically  into 
steep  forms. 

Such  a  surface  is  now  to  bo  found  in  the  triangle  at  whose  vertices 
are  KivcMsido,  Klsinore,  and  San  Jjicinto.  Other  fratrments  of  this 
old  landscape  are,  it  is  believ«»d,  still  preserved  in  practically  the  con- 
dition in  which  they  existed  previous  to  the  deformation  in  Bear 
Valley  and  its  continuation  about  Baldwin  Lake  (PI.  II,  /?),  in 
Holeomb  Valley,  in  Little  Bear  Valley,  and  in  other  of  the  areas 
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now  forming  some  of  the  higher  parts  of  the  San  Bernardino 
Mountains. 
The  topography  of  these  higher  areas,  where  it  has  not  been  altered 
by  modern  gorge-producing  agencies,  consists  of  broad  valleys  with 
ridges  of  moderate  elevation  between  them  and  is  much  like  that  in 
the  region  north  of  Elsinore.  It  is  believed  that  these  two  regions, 
now  so  widely  separated  geographically  and  in  elevation,  once  formed 
a  continuous  surface,  and  that  San  Bernardino  Valley,  between  them, 
was  a  part  of  this  surface,  like  the  other  parts  in  character  and  devel- 
oped with  them. 

DEPTH   OF  THE   BASIN. 

When  the  series  of  earth  strains  which  deformed  the  region  came 

into  play,  Perris  Valley  was  raised  slightly,  the  San  Bernardino  Moun- 

tainij  were  raised  much  more,  and  San  Bernardino  Valley,  between 

them,  sank  until  parts  of  its  old  surface  came  to  occupy  a  position 

below  sea  level.     How  much  below  it,  it  is  not  possible  to  tell  with 

.  any  exactness,  since  the  deepest  wells  l)ored  in  the  center  of  the  val- 

lej  do  not  reach  bed  rock,  and  the  character  of  the  movement  and  of 

the  land  affected  was  such  that  it  is  difficult  to  estimate  the  amount  of 

the  displacement.     An  estimate,  which,  however,  is  little  more  than  a 

in»88,  may  be  made  by  considering  the  maximum  relief  preserved 

upon  the  old  surface  and  applying  the  criteria  thus  obtained  to  San 

Bernardino  Valley. 

The  heights  about  Bear  Valley  usually  do  not  rise  more  than  3,000 

fet  alK)ve  its  level;  those  surrounding  the  other  flat  mountain  valleys 

rarely  attain  this  relief.     The  Jurupa  Mountiins  stand  nearly  3,000 

ffer  hiirher  tlian  ])e(l  rock  in  the  iieij^hhorhood  of  Hlooiniii^toii.     The 

peaks  within   Perris  and  San  Jacinto  valleys  are  o;enerally  less  than 

:^<MM>  f(»('t  above  the  floors  of  the  surrouiuiiniif  lowlaiuis.  wher(^  the 

fi'^pth  to  these  is  known.     On  tlu*  whole,  it  seems  fair  to  assume  about 

•n(HM)  f(»ot  as  the  maximum  i-eli(*f  on  the  old  surface. 

.North  of  a  median  line  throujih  the  San  Hernai'dino  l)asin  a  ran<^(^ 
of  low  iK'd-rock  hills  ris(\s  tlirou<(h  (lu*  modcMii  wash.  Thcs(»  arc 
hiHieved  to  be  hills  inherited,  like  the  Juru])a  Mountains,  from  the 
predeforniation  surface.  On  the  su])[)osition  that  thcv  oriuinally 
^tood  at  about  3,0()()  feet  above  the  \allcv  floor,  this  should  now  be 
only  :>jM)o  or  2,5i>0  feet  beneath  Saii  Bernardino. 

By  jis>urniii<L(  that  the  av(M'a^'"e  sl()|)(»  of  thc^  hills,  before  their*,  burial 
under  tht»  modern  wash,  was  l,0(Ml  feet  to  the  mile  a  su])j)osition 
which  is  believed  to  be  suflici(Mitly  c()nservati\  (^  and  that  this  slope 
w;is  continuous  from  the  little  bed-rock  mound  below  Del  llosa  south- 
westward  to  the  line  of  disturbance  marked  by  thc^  Hunker  Hill 
'like  a  supposition  which  scmmus  likely  to  <^\\v  a  greater  dc^pth  to 
U'd  rock  than  the  true  one  -  we  reach  tlu^  conclusion  that  the  latter  lies 
le>s  than  3,<MX)  feet  beneath  San   B(M-nardino.     Nothing  whatever  is 
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known  of  the  detailn  in  the  buried  old  topography  under  the  r 
(gravels.  Perhaps  bed-rock  hills  exist  there  which  differ  from 
that  rise  above  the  wash  along  the  northern  edge  of  the  valle^ 

in  that  they  are  not  so  hi 

have  been  completely  c 

by  the  modern  alluvium, 

floor  of  the  middle  of  i 

ley,  extending  northwe 

southeast  beneath  San  I 

dino,  may  be  relatively  s 

like    that    of    Perris    ^ 

g    Whatever   its    chamcte 

gj   rough  estimate  of  3,000 

«   less  from  the  present  sur 

^   it  is  the  best  that  can  b< 

with  the  data  at  hand.    ( 

GENERAL  CLASSES  OF  R< 

From  the  ix)int  of  viev 
water  supply,  the  rocks 
upper  San  Bernardino 
may  be  subdivided  int 
general  classes— those 
outcrop  everywhere 
9  higher  mountain  regioi 
in  many  of  the  hills  witi 
valleys,  and  the  clays  an 
vium  which  fill  the  valle, 
dcrlie  most  of  the  fertile 
and  form  the  greater  \ 
the  low  hills  known  as  tfc 
lands  b(»tween  San  Jaciii 
upi>er  Santa  Ana  valley j 
XII  shows  the  distrilm 
the  water-bearing  and 
water  -  beari  ng  rocks  c 
region. 

The  rocks  of  the  first 
technically  include  such 
different  varieties  as  t^ 
gneisses,  diorites,  mi 
quartz-porphyries,  sand? 
and  conglomemtes,  bu 
have  the  conunon  chamcteristic  of  relative  compactness, and  so: 
and  store  but  little  water.  The  sandatones  and  conglomemtes 
are  included  in  this  class^  although  belonging  to  a  group  of 
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which  in  muiy  repons  are  valuable  water  bearers,  are  here  so  changed 
bj  metamorpbio  prooesses  as  to  be  practically  impervious,  as  is  the 
,  .cue  with  the  sobistotie  sandstones  of  the  Jumpa  Mountains,  or  are  so 
broken  and  so  closely  folded  that  their  stored  water  is  too  small  in 
mmntalid- too  doubtful  in  position  to  be  of  value,  as  is  true  of  the 
widstones  in  the  lower  part  of  Mill  Creek  Canyon,  and  of  those 
wbich  fomi  a  narrow  interrupted  band  along  the  south  foot  of  the 
Sin  Bernardino  Mountains  from  East  Highlands  to  Cajon  Ptas. 

The  rocks  of  the  second  group  are  the  important  ones  from  the 
point  of  view  of  the  water  user.  They  (consist  largely  of  alluvium, 
L  e.,  of  sands,  gravels,  and  clays  which  have  been  deposited  by  streams 
imdpr  conditions  very  similar  to  those  prevailing  in  San  Bernardino 
Xhi  fe^tl  T^y  to-day ,  but  at  their  base  is  a  rather  widespread  series  of  fine 
siir^;  days  and  shales,  which  outcrop  along  the  axis  of  the  Badlands  ridge 
ad  at  various  points  on  the  western  flanks  of  the  San  Jacinto  Moun- 
Idna.  These  clays  carry  fresh-water  fossils,  and  their  presence  indi- 
cates that  an  inland  lake  whose  extent  is  uncertain  existed  at  least 
ibwgthe  southern  border  of  what  is  now  the  San  Bernardino  basin  in 
lito Tertiary  times,  before*  the  earliest  of  the  valuable  water-bearing 
gn?els  were  deposited. 

From  the  fineness  of 'these  clays  we  infer  that  no  very  marked  relief 
tnsted  near  by  at  the  time  of  their  deposition,  because  high  mountains 
MJljr  yield  ctarse  detritus,  and  from  the  fact  that  they  are  bent  into 
ibarp  folds  we  know  that  extensive  earth  movements  have  taken  place 
nice  their '  deposition.    These  two  facts  lead  to  the  belief  that  the 
cbys  are  older  than  the  formation  of  San  Bcrnaixlino  Valley  and  the 
San  Bernardino  Mountains.     Thoy  were  likely  dopositi^d  in  a  lake 
like  Boar  liiike,  but  much  lar<^er,  on  the  old  land  surface  of  mthor 
niodenit^^  relief  which  existed  in   this   part    of   southern  California 
before  the  present  high  mountains  cnnie  into  existence.     The  topog- 
raphy of  that  time,  it  is  inferred,  was  much  like  that  of  Perris  Valle}" 
or  of  the  higher  parts  of  the  San  Hernardiiio  Mountains  at  present — 
that  is,  there  were  wide,  nearly  h*vel  valleys,  and   from  these  rose 
ridges  or  peaks  to  moderate  elevations  of  a  few  hundred,  or  in  extreme 
cases  of  perhaps  a  few  thousand.  fe(»t. 

The  old  lake  probably  occupied  the  iow(»st  of  the  valleys  of  that 
time,  and  within  it  islands  of  the  granitic  or  gncissoid  hed  rock  rose, 
perhaps,  as  the  Box  Springs  and  Lake  View  mountains  now  rise  above 
the  Perris  and  San  Jacinto  plains.  It  seems  i)robable  that  the^*  fine 
deposits  extend  under  at  least  a  part  of  tin*  San  Bernardino  cienaga, 
and  that  in  deep  drilling  they  may  b(»  encountered  before  the  granitic 
bed  rock  is  reached.  The  V)eds  laid  down  in  the  bottom  of  this  lake 
were  too  fine  to  he  of  value  as  water  bean^rs,  but  th(\v  furnish  a  com- 
paratively impervious  plane  above  which  the  waters  accunudate,  and 
JBR142-05 8 
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when  thrown  into  a  fold  across  the  course  of  a  river,  as  in  the  case  < 
the  Bunker  Hill  dike,  they  force  to  the  surface  the  waters  perc< 
latincT  through  the  porous  gravels  above  them,  or  if  an  imperviot 
clay  layer  intervenes  between  the  porous  stratum  and  the  surface 
they  (lam  back  the  water  so  that  it  is  held  under  pressure  and  flovi 
when  the  up{)er  bed  is  pierced  by  a  drill. 

Some  time  after  the  deposition  of  the  Badlands  clays  which  hav 
been  described,  a  series  of  crustal  movements  began,  which  folded  th 
clays  and  seems  to  have  elevated  the  San  Bernardino  and  perhaf 
other  mountain  masses  until  they  stood  well  above  the  adjacent  valleyi 
but  were  perhaps  2,500  feet  lower  than  at  present.  It  is  probabl 
that  at  the  same  time  San  Bernardino  Valley  subsided  somewhat,  s 
that  its  rock  floor,  sheeted  over  by  the  lacustrine  silts,  stood  at  a  lowc 
elevation  than  before  the  movement.  At  any  rate,  conditions  pn 
vailed  which  were  much  like  those  of  the  present.  Mountain  streanr 
were  active;  they  cut  deep  canyons  and  carried  the  products  of  thei 
erosional  activity  out  into  the  lowlands  as  they  now  do.  This  detritu 
contained  nuich  coarse  material,  but  on  the  whole  was  probably  nc 
quite  so  coarse  as  the  fan  material  of  to-day.  It  was  widely  distribute 
over  the  lowlands  south  of  the  mountains — bowlder  beds,  sand  beds 
and  clays  alternating  in  an  uncertain  succession  until  many  hundred 
of  feet  of  alluvium  were  piled  up. 

At  the  close  of  this  epoch  in  the  geographic  development  of  th 
region,  movement  was  resumed  along  the  lines  followed  during  th 
earlier  period.  This  movement  lifted  the  San  Bernardino  Mountain 
to  their  present  elevation.  It  raised  the  earlier  deposited  alluvis 
wash  into  the  sloping  mesas  of  Smiley  Heights  and  lledlands  Height 
It  pr()])ably  resulted  in  the  uplift  of  the  Yucaipe  bench  to  a  positio 
somewhat  higher  than  that  it  had  occupied  before,  and  the  coars 
bowlder  beds  south  of  San  Timoteo  Canyon  were  given  the  stronj 
northerly  dip  which  they  now  have.  San  Bernardino  Valley,  whic 
had  been  depressed  in  the  earlier  movement  and  tilled  bv  the  erosio 
following,  seems  to  have  again  subsided.  After  this  readjustment  o 
the  relations  of  vall(\v  and  plain,  stream  activity  was  renewed,  erosio 
became  more  active  than  ever,  the  present  deep  canyons  were  cut,  th 
modern  fans  were  built,  and  the  great  alluvial  filling,  which  makes  th 
piestMit  surface  of  San  Bernardino  Valley  and  serves  as  such  a  valuabl 
storage  res(^rvoir  for  irrigation  and  domestic  waters,  accunmlated. 

This,  in  brief,  is  the  history  of  the  geologic  and  physiographic  proc 
esses  which  have  given  us  the  conditions  that  now  exist  and  hav 
resulted  in  the  deposition  of  the  gravels  that  serve  as  porous  resei 
voirs  and  the  clays  that  act  as  impervious  caps  that  confine  the  wate 
under  pressure  or  as  e([ually  impervious  bottoms  to  the  water  basim 
Such  a  sketch  completed,  we  are  in  a  position  to  discuss  intelligentl 
and  more  minutely  the   formations  which   are  water  bearing,  thei 
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B.     THE  LATER  ALLUVIAL  FAN   ABOUT   KENWOOD. 


HEXI.EXHALU1  SAN    BERNARDINO    ARTESIAN    AREA.  35 

chara4*ter,  distribution,  attitudes,  and  storage  capacity,  and  to  draw 
from  the  discussion  some  practical  conclusions. 

The  two  iinportiint  water-bearing  formations  are,  as  may  re^idily  be 
inferred   from  the  preceding  discussion,  the  two  series  of  deposits  of 
river   wash,  which  will  Ik?  spoken  of  as  the  earlier  and  the  later  allu- 
vium.    They  are  much  alike  in  character,  having  })e«»n  deposited  under 
very  .**iinilar  conditions,  the  differences  being  that  the  later  alluvium 
is  somewhat  coarser  than  the  earlier,  has  a  small(»r  amount  of  cement 
gravel — that  is,  bowlders  embedded  in  a  hard  <^lay,  which  is  often 
sandy — and  has  less  extensive  beds  of  clay  sufficiently  pure  to  l)e 
practically  impervious  to  water.     Another  difference  is  not  in  charac- 
ter, hut  in  attitude,  the  Ix^ds  of  the  later  alluvium  being  in  just  the 
position  in  which  they  were  deposited  by  the  rivers  that  brought  their 
materials   from  the  mountain  canyons,  while  the  beds  of  the  earlier 
alluvium  have  been  distur})ed  since  their  deposition     have  been  given 
marked    dips  in  one  or  another   direction  and  have  been  raised    in 
places   until  they  are  now  much  higher  than  when  deposited.     Since 
water  always  flows  down  grade  when  free*,  these  attitudes  are  impor- 
tant in  their  effect  upon  the  circulation  of  the  contiiined  watei-s. 

ALLUVIAL  FANS. 

Extensive  accumulations  of  coarse  or  i)oorly  assorted  stream -detx)s- 
ittxl  roi'k  fragments,  such  as  constitute  alluvial  fan  material  or  glacial 
debris,  always  indicate  that,  for  some  reason,  the  process  of  rock  dis- 
integration is  more  mpid  than  that  of  removal.  In  glaciated  regions 
piles  of  unsorted  rock  f  nigments  testify  to  a  mpidly  accumuhited  su])- 
ply  t-onrcntrated  at  certain  ]K)iiits.  In  arid  n^gioiis  the*  very  diU'iM-cutly 
arraiig«Ml  nia-iscs  of  debris  b(»ar  witness,  not  nccc^ssaiily  to  ('specially 
rapid  accuinulation,  but  to  slow  removal,  because  ot*  a  deartli  of  the 
universal  atrent  of  removal,  water.  Hence,  where  other  conditions. 
^ucb  as  character  of  rocks,  lieio;ht  of  mountains,  etc.,  arc  e(jual.  L^^'^'Jiter 
aridity  is  indicated  by  steeper  fans  of  orcjiter  uia>s  and  coarser 
inat«Tial. 

'I'lic  accumulations  take  place  in  ulaciated  reuions  because,  although 
the  volume  of  wat(»r,  which  is  the  great  distril)utin«4'  a^^ent,  is  laige, 
the  niat«*rial  is  sup[)lied  in  such  (juantities  that  the  rivers  can  not  suc- 
c«-.sfully  cope  with  the  probhMU  of  its  removal,  it  «^at hers,  therefore, 
imd  forms  tlie  rubble  heaps.  In  the  arid  re^^ions  \\]r  >anie  result  is 
utlainecl  because*  of  another  condition  the  >niallne^>  of  the  water  sup- 
ply and  the  conseciuent  incapacity  of  the  streams.  Disintegration  may 
not  take  place  more  rapidly  than  in  humid  regions,  but  removal  is  nuich 
>l<>wer,  hence  the  spectacle,  not  rare  in  the  Mohave  Desert,  of  moun- 
tains nearly  buried  under  the  material  which  has  resultinl  from  their 
own  slow  breaking  down.  With  an  acct^ssion  of  rainfall  the  process 
of  removal  is  accelerated,  and  the  fans  formed  earlier  are  gullicnl  and 
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gradually  worn  away.  It  is  thus  neon  that  the  extent  of  the  alluvial 
(•onoiurunuilation.s  is,  within  certain  restrictions,  a  measure  of  aridity. 
Their  presence  means  limited  minfall;  the  greater  their  extent  the 
less  the  mean  annual  precipitation  where  conditions  of  tojxjgraphy 
and  of  riK'k  mass(\s  an*  similar,  and  the  less  their  extent  the  greater  the 
precipitation. 

The  alluvial  cones  of  S.ui  Bernardino  Valley  (PI.  VIIl),  therefore, 
testify  to  th(»  partial  aridity  of  its  climate.  As  these  are  small  in 
rehition  to  the  mountains  about  whose  Iwist^s  they  are  found,  when 
compared  to  those  ahout  the  Imses  of  tlu»  desert  mnges,  so  the  valley 
minfall  is  large  as  compan»d  to  the*  d(»s«»rt  minfall.  Yet  the  striking 
geneml  fact  remains  that  the  most  importiuit  subterranean  water- 
storage  reservoirs  of  San  B(M*nardino  Valley  came  into  existence  pirtlv 
because  of  the  limited  minfall  of  that  region. 


A'-trr^tffn  jnfj 


Jfnptrri  mi/i 


Pi, J.  3 — Diajrrniiiiiuitif  longiiuiliiml  M«'ti(»ii  t»f  iiUuvuiI  fun. 

The  conditions  under  wliicli  this  alluvium  has  accumulateil  are,  in 
geneml  terms,  simple.  Variations  in  temixMiiture.  which  cause  unequal 
expansion  of  the  ililferent  minerals  eonstituting  a  rock:  freezing  of 
the  moisture  which  has  (Mitered  rock  lissun^s  in  the  higher  mountains; 
slow  solution  of  some  miiKM-als  by  rain  watc^rs,  thus  releasing  others; 
the  foH'ing  apart  of  rock  masses  by  the  roots  of  ditlenMit  forms  of 
vegetation:  and  the  occasional  shattering  by  eartli<|uake  shocks,  all 
help  to  initiate  the  disintegration  of  the  rocks  of  the  mountain  areas. 
Once  a  fragment  is  IooscmkhI,  gravity  or  moving  water  carries  it  to  a 
lower  point.  Thus,  in  the  canyons,  (juantities  of  rock  de])ris  are  con- 
stantly accumulating.  The  normal  light  How  of  the  summer  season 
removes  oidy  the  very  line*  or  the  soluble  matter.  The  greater  part 
of  the  work  of  removal  is  accomplished  during  the  ])rief  storms,  when 
ton-cnt«4  rush  through  these  constricted  detiles,  their  cjirrying  caimcity 


ig  preceding  years  when  the  precipitation  was  light.  Or,  as  one 
nel  is  built  up  in  the  manner  in  which  a  river  builds  up  its  bed 
er  than  the  surrounding  areas,  the  course  of  the  stream  will  shift 
Ls  fan  to  a  lower  channel;  earlier- formed  deposits  will  be  cut 
'  and  fine  material  will  be  deposited  upon  coarse,  or  coarse  upon 

^derate  storms  may  bring  heavy  material  to  the  mouth  of  the  can- 
and  there  drop  it.  A  succeeding  heavier  storm  will  pick  up  the 
4e  material  laid  down  in  the  bed  of  the  stream,  move  it  farther  out 
lope,  cutting  into  the  earlier-deposited  burden  in  the  process,  and 
tablishing.  a  new  course  which  will  be  tilled  in  its  turn, 
ter  violent  storms,  during  which  turbulent  waters  highly  charged 
silt  spreiid  far  and  wide  over  the  sands  and  gravels  of  the  fans, 
1  of  fine  mud  is  usually  found  over  the  river  wash;  it  has  been 
sited  as  the  muddy  flood  waters  subsided  and  sank  into  the*  simd 
gravel.     Not  all  of  this  fine  suspended  material  was  left  at  the  sur- 

but  much  must  have  been  carried  down  by  the  sinking  waters, 
lally  filtered  out  from  them  as  the v  percolated  through  the  porous 
dts,  and  left  as  a  clay  cement  in  the  int<^rstices  between  the  sand 
gravel  grains.  Much  of  that  muddy  film  left  at  the  surface  may 
ter  carried  down  in  a  similar  way  by  local  rains  and  become  a 
nt  for  the  coarser  mat(»rial.  It  is  believed  that  in  this  way  orig- 
i  a  part  of  the  '^cement  graveP-  and  ''cement  sand"  so  often 
ted  by  drillers  and  so  well  exposed  in  sections  of  the  first  allu- 

along  the  sides  of  San  Timot<H)  Canyon.  It  makes  a  stratum 
ically  as  impervious  to  wattn*  as  one  of  pure  clay.  Others  of  these 
it  beds  probably  represent  '/hardpans,''  formed  just  beneath  what 
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the  material  than  near  it.  The  general  arra 
is  radial,  the  deposits  spreading  out  fanl 
the  mouth  of  the  canyon,  a  particular  b 
becoming  wider  as  well  as  finer  at  the  gn 
tances,  just  as  the  stream  itself  spi*eads  oi 
greater  exjmnse  as  it  reaches  the  flatter  la 
distance  from  the  canyon  mouths.  Cross 
and  local  unconformities  are  abundant.  V 
river  deix)sit^  are  exposed  for  examination 
the  bluff  forming  the  north  edge  of  the  K 
Highlands  mesa  (PI.  VI,  ^1),  channels  tilled 
and  gravel  are  to  }>e  seen  cutting  acro^ 
dejwsits  of  coarser  or  finer  material,  thus 
'"pockets'" and  explaining  fully  thediscorda 
ol)s«»rve^i  in  the  records  of  adjacent  wells  ( 
and  9),  a  water-bearing  gravel  stratum  or « 
in  one  being  entire^  absent  in  another  ne 
cause  in  the  shifting  of  channels  it  has  been 
after  deposition. 

WKLL   REC^ORDS. 

Hundreds  of  wells  have  been  sunk  in  the 
tilt*  Santa  Ana  in  the  last  twenty-five  yes 
search  for  water  for  domestic  purposes  or  f 
tion,  and  the  records  of  these  illustrate  ab 
tlie  conditions  whicli  have  just  been  describ 
ciiviitions  in  the  wash  north  of  Kedlands  she 
of  roughly  stratified  sand,  gravel,  and  l)o\^ 
open,  pervious  material  through  wliich  the 
p(*rcolate  fieely.  Higher  up  in  the  Santa  . 
n(*l  the  bowlders  become  large,  tb(»  fine  ma 
comes  smaller  in  amount  and  coarser,  and  t 
the  open  spaces  greater*,  although  the  perc 
voids  is  less,  })ecause  the  space  occupied 
large  bowlder  is  free  from  voids. 

Within  the  limits  of  the  present  and  th( 
artesian  basin  the  characteristic  feature  is 
ence  of  extensive  sheets  of  clay  (tigs.  4,  5, 
They  are  the  finer  clc^posits  in  this  lower  pi 
fan,  as  the  sands  and  fine  gravels  are  the  tin 
its  at  higher  points.  While  in  some  of  the 
along  the  extreme  lower  edge  of  the  wate 
lands  clay  entirely  free  from  grit  is  enc< 
about  the  borders  it  ])ecomes  sandy,  so  tha 
the  driller  is  in  doubt  as  to  whether  it  shoul 
sified  as  a  fine  sand  or  as  a  sandy  clay;  hei 
we  have  not  continuous  sections  upon  whicl 
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pigBoent^  it  is  highly  probable  that  upstream  the  clays  merge  into  fine 
Old,  then  into  coarse  sand,  and  so  represent  only  the  marginal  phases 
of  the  finer  fan  deposits.  Their  porosity  must  likewise  gradually 
ioerease  upstream  from  the  cienaga,  so  that,  whereas  they  are  imper- 
rioos  caps  along  the  lower  borders  of  the  basin,  they  become  open 
aod  permit  seepage,  especially^  under  pressure  at  higher  points. 

These  clay  beds  arc  distributed  at  various  horizons  between  the  sur- 
fKe  and  the  bottoms  of  the  deepest  wells  drilled,  whose  depth  is  about 
1,001)  feet.  The  fact  that  they  are  often  sand}',  so  that  one  driller  will 
dws  a  bed  as  tine  sand  while  another  calls  the  same  stratum  clay, 
together  with  the  distinctively  irregular  chanu*,ter  of  stream  deposits, 
the  local  unconformities  resulting  sometimes  in  the  complete  cutting 
oal  of  a  bed  at  one  point  and  its  n>placcment  by  another  usually  coarser, 
Bikes  the  correlation  of  the  minor  individual  beds  through  the  medium 
of  well  records  a  very  uncertain  undertaking  indeed,  and  one  which  it 
is  not  possible  to  carry  out  unless  the  wells  studied  are  very  near 
together.  In  a  group  of  wells  within  a  prescribed  area,  however,  it 
i»  osoally  possible  to  subdivide  the  sti^ata  into  broad  units  which  may 
be  recognized  in  each  well. 

This  is  illustrated  in  the  case  of  the  group  of  wells  belonging  chiefly 
to  the  (iage  Canal  Company,  and  lying  from  1  to  2  miles  northeast  of 
Loma  Linda  (fig  5).  Throughout  this  group,  originally  very  impor- 
tant as  a  source  of  artesian  water,  and  still  yielding  a  limited  supply 
bv  natural  flow,  although  many  pumps  are  now  inntalled,  a  cap  of  clay 
oif  to  HX)  feet  thick  is  first  pierced  by  the  drill.  Beneath  this  clay  cap 
Is  a  bed  of  sand  and  gravel,  often  coarse,  varying  from  100  to  2(M)  feet 
in  thickness.  This  gravel  is  saturated,  and  although  the  water  is  not 
now  under  suflicient  head  to  flow,  it  is  a  satisfactory  source  from 
which  to  pump.  This  same  extensive  gnivel  bed  is  pierced  by  two 
deep  wells,  designated  *''P''  and  '"()"  of  the  (lagc  system  on  the  west 
banJk  of  the  canal  just  north  of  Col  ton  aveiuic,  and  by  an  important 
jrroupof  shallow  wells  east  of  the  extension  of  D  street,  San  Bernardino. 
These  latter  wells  belong  to  tlie  Riverside  Water  Company  and  to  the 
Riverside  Highlands  Company,  and  since  tlicir  surface  elevation  is  oO 
to  1<!H>  feet  lower  than  that  of  the  (lagc  wells  above  noted,  they  flow 
readily,  although  the  head  is  not  great  enough  to  produce  a  flow  in 
the  less  advantageously-  situated  Cage  ^v(»lls. 

Below  this  higher,  clearly  marked  gravel  series  is  a  zone  of  inter- 
liedded  sands,  clays,  and  gmvels  about  200  feet  thick.  The  occasional 
gmvel  streaks  of  this  series  contain  water  under  pressure,  so  that  it 
flows  or  rises  nearly  to  the  surface.  Under  this  is  found  a  second 
heavv  and  apparently  rather  regular  gravel  mass  in  which  flowing 
utter  is  obtained.  As  it  lies  500  to  <>00  feet  lieneath  the  surface,  it  is 
tapped  by  only  the  deeper  wells,  and  has  been  pierced  by  but  one  or 
two  80  that  its  extent  and  reguhwity  are  problematical. 
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In  a  group  of  wells  lyin^  just  west  of  the  Victoria  tract  and  north 
of  the  SouthcM-u  Pac»itic  Railroad,  from  which  the  city  of  Riverside  gets 
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its  (loiiKvstic  \viit(»r  .supply,  the  upper  clay  stnituni  of  the  Gage  wclLs  is 
roco;^niiz{il>le,  althouo-h  souietiincs  divided  into  two  or  more  parts  by 
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dykyBrs.    A  bed  of  ooarae  water-bearing  gravel  immediately^ 

^VnMth  this  occupies  the  same  relative  position  as  the  upper  heavy  bed 

ithe  Gtge  wells,  but  when  penetrated  seems  to  be  much  thinner.     It 

luj  be  theihin  edge  of  a  heavy  gravel  lens,  whose  maximum  thickness 

p  revealed  in  the  Victoria  group.     As  records  are  available  from  only 

|tit»of  these  wells  which  exceed  500  feet  in  depth,  no  data  exist  for 

[utttempt  to  correlate  the  deeper  strata  with  those  of  adjacent  groups. 

All  of  the  wells  which  have  been  considered  lie  in  the  lowest  part  of 

liiieSan  Bernardino  cienaga;  they  therefore  exhibit  a  greater  propor- 

I  tioo  of  fine  material  and  a  greater  regularity  in  stnitiiication  than  is  to 

I  be  foand  in  other  portions  of  the  basin  that  lie  nearer  the  mountainous 

[trewand  nearer  the  source  of  supply  of  the  alluvium. 

Thk$  is  illustrated  by  a  comparison  of  the  records  of  those  wells  which 
!  lie  along  Warm  Creek  from  Waterman  avenue  northeast  to  Harlem 
I.    Many  of  these  wells  show  a  gravel  bed  immediately  beneath 
l^tbesnrfece  soil,  although,  in  the  westernmost  and  deepest,  the  Water- 
avenue  well  of  the  Riverside  Water  Company,  the  drill  passed 
!  thiough  140  feet  of  clay  before  entering  any  extensive  gmvel  Ixxly 

Wells  but  a  few  hundred  feet  apart,  as,  for  instance,  the  first  of  the 
I  new  wells  drilled  by  the  city  of  San  Bemai-dino  in  the  A  ntill  tnict  in 
IMM,  and  one  of  the  near-by  wells  of  the  Riverside  Water  Company, 
I  exhibit  such  disparity  in  the  succession  of  strata  that  a  clay  or  gravel 
M  in  one  can  not  with  any  certainty  be  recognized  in  the  other. 
Ae  easternmost  wells  of  this  group  have  much  less  clay  than  those 
fcrther  west. 

Outside  the  artesian  area,  well  records  show  but  little  of  the  clay 
HennMit.  A  numlxM'  of  records  Imve  been  oxaniined  from  t\w  vicinity 
of  Arrowhoiid  stiition  oa'«<tward,  and,  as  is  to  br  oxpectod.  tbe  drill  peno- 
trsittv^  a  .succession  of  sand  and  of  coarso  and  tint^  tj^ravel  strata  witli 
Ofilylit»re  and  there  a  thin  bod  of  day,  or  sandy  clay  or  bardpan.  The 
'nijx^rtant  element  in  artesian  conditions,  tbe  superincumbent  imper- 
vious <-()vi.r,  is  absent  from  the  n»cords  here,  and  it  is  (|uit(*  unlikely 
that  it  would  be  found  at  any  depth. 

The  wells  drilled  in  the  Lytic  ("reek  wash  likewise  show  a  ])reponder- 
ance  of  coarse  material,  with  only  an  occasional  ]>ed  of  clay  or  of 
^•^riient,  the  hitter  acting  in  many  cas(»s  as  the  imi)er\  ious  cap.  In  the* 
;Toiif)  of  wells  about  the  old  cienaga  a  few  feet  of  ])eaty  soil,  repre- 
j^enting  the  swamp  growth  on  the  original  site  of  the  springs,  is  ])ene- 
lrate<l  by  the  drill  near  the  surface.  One  record  gives  the  depth  of 
this  organic  matter  as  24  feet. 

The  records  discussed  thus  far  have  been  exclusively  from  tlu* 
later  alluvium^  which  fills  the  present  valh»y  ))ottoms  and  is  nmch 
more  impoilant  as  a  source  of  wat<M'  than  the  older  folded  beds  of  tlie 
earlier  alluvium. 
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An  examination  of  the  recoixls  from  the  latter  formation,  abovi 
Redlands,  in  Yucaipe  and  San  Timoteo  canyons  and  in  Yucaipe  Valte»; 
(iigs.  7  and  8),  discloses  the  fact  that  while  not  lacking  in  bowlder  aa^ 
gravel  beds,  although  these  are  less  abundant  and  less  extensive  thm^ 
i  in  the  later  alluvium,  the  cobble  beds,  when  they  do  occur,  are  ofte»J 
'sealed.  Their  interspaces  are  not  open,  but  are  filled  with  clay,  whicl 
renders  the  beds  practirally  impervious  to  water.     Artesian  waters 


Fig.  0.— Well  sections  along  line  E-F,  PI.  XII. 


are  found,  however,  in  the  older  alluvium  when  open  gravels  ar 
encountered  and  the  right  structural  conditions  exist.  Good  example 
are  the  Dunlap  group  of  wells  in  Yucaipe  Valle}',  the  flowing  wells  i 
the  neighborhood  of  Singletons  in  San  Timoteo  Canyon,  and  the  ho 
wells  in  the  Badlands  north  of  Moreno.  Water  is  found  under  pres 
sure,  so  that  it  rises  above  the  stratum  in  which  it  was  encountered 
but  it  does  not  flow  in  the  wells  of  the  Redlands  Water  Company  nea 


r 
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ity  r^si} vx'oiv  mif]  In  h  i i j u n  f  h^ v  o f  wt^ I  In  r**i 't» n  1 1 y 
id  in  Yiu^lp*^  t*aiiyoii  iH^twet^ii  \b^  motttli  untl 
)unk{i  ranch  (fig»  H)* 

lO  explanation  of  this  diffc»irn<H^  bctwt*eii  tl*o 
rvkof  tiif?  wells  in  tfn*  ol^i^a-  urjil  the  newer  alki- 
U  the  prepomlt^miiee  of  th«  clny*'j  i*U>ntprit  in 
fonii«*r»  is  prolmhiy  ttj  he  found  in  a  consideni- 
of  the  eoivditions  under  whieh  eaeh  origintited. 
will  lie  iTii  I  Pin  Ix  ^  red  t  ha  t  the  fi  li^t  a  I  hu  i  u  ni  is 
eked  to  represent  the  detrital  protluet'*^  svhieh 
•ttnmms  Mvept  iutti  tlie  lowlundr^  as  a  re?^uh  of 
'  vigorous  revival  with  the  tirst  uplift  of  the 
Rernaitlinf*  M on u tains  to  an  tdeviition  h'ss  than 
whieh  they  have  now  hy  IJJHK)  (ir  2,rM>U  feet. 
tre  this  uplift,  althouifb  the  surface  exhihited 
net  relief,  the  predorniniuit  feutnres  were  the 
valleys  whieh  separated  the  rehitively  luw  IiIIIh, 
ion  lM*forv:'  the  uplift  wan  not  especially  active, 
lat  opjx)rt unity  ff^r  nn^k  deeay  was  much  better 
miw.  The  ultima  to  pr*  bluets  uf  all  rm'k  deeay 
slayN^  hence  a  day  inanth^  uuist  have  covorod 
\  of  that  earlier  sur facts  With  the  uplift  which 
'ed  the  .st reams  and  set  them  at  work  cutting 
Otis  and  deposit  in  j^  the  products  of  that  activity 
e  adjacent  wide  valley  a.s  the  earlier  alluvium  the 
:i'r  part  of  this  ehiy  mjujtle  was  swept  away  atid 
cd  an  im|.Kjrtunt  part  of  the  resnltiur^  dcposit.s. 
in^j^Ied  witli  the  howlders,  wliitdi  were  the  tlirect 
ucts  of  the  canyon  eutthl|^^  or  settled  iti  basins 
ively  free  from  coars(*r  material  as  nearly  pure 
lj<?dH,  When  the  second  uplift  catne  ami  the 
id  ep<K*h  <*f  sedimentation  Iie^in,  tlie  earlier, 
i  ahtindant  clays  were  practically  all  ^ame,  and 
guilds  and  gravels  a  nil  those  elays  whieh  jire  hut 
flour  ground  up  in  the  erosional  procesHC,'^ 
Ited*  Some  of  the  earlier  elays  lyin^^  long  upon 
nirfaee  where  they  formed  were  well  ttxidrzed, 
ire  therefore  red.  Red  clay  bands  In  the  earlier 
"ium  testify  to  this  origin.  The  clays^  inter- 
jpd  with  the  modern  gravels  of  the  San  Bernar- 
cienaga  are  never  of  this  color 
aotbt^r  very  much  less  potent  cause  of  the  differ- 
in  clay  contents  ?ietween  the  earlier  and  the 
•  alluvium.,  but  one  which  may  have  exerted 
5  influence,  is  the  great  difference  in  the  amount 
ater  discharged  upon  the  two  formations.     All 
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of  tho  iinportnnt  strouins  -  Lytle Crook,  (iijon  t'lvek,  Kiist  Twin  Ci'eel^ 
City  Crook,  PIuii<ro  C-roc^k,  Mill  Crook,  and  Siintii  Ana  Rivor-floif! 
out  iii)on  tho  hitor  ulluviuni  and  sink  into  it.  Tho  oldor  alhiviuin 
<rot^  oidy  t!i<»  I  Mul  rainfall  and  tho  dnilnaj^*  from  tho  southorn  slof^e 
of  tho  San  Hornardino  Mountains  lM»twoon  jWlill 
(*n»ok  and  San  (iorjifonio  I*ass.  Tho  amount  of 
wator  srokin^  undorjrround  passaj^o  throutrh  th© 
oldor  IhmIs  is  many  timos  loss  than  that  which  i^ 
oonoontmt<Ml  in  tho  lator,  so  that  what4»vor  oarryi  n>f 
and  scourinjr  iK)wor  wator  jM^rcolatin*^  undorjifroiiiid 
may  havo  to  cloar  Iniwhlor  hods  of  thoir  tino  inter- 
stitial ma((»rial  is  inuoh  moro  ofliciontly  oxorted  i«* 
tho  lator  than  in  tho  oldor  hods. 

It  is  to  1h^  romom})orod  also  that  the  earlier  all**' 
vium  is  tho  ])roduot  of  erosion  lirouorht  into  pli*  V 
hy  a  loss  pronounced  relief  than  that  of  the  present^'* 
and  therefore  less  vi<^orous  and  yieldin<i^  finer  mtf^" 
terial.  This  condition  may  have  had  its  influonc*^^ 
in  hrinjjfinjj  about  the  ditreroneos  which  exist  l)^^ 
tweon  tht^  t>\o  deiH)sits. 

Tho  abrupt  chan<i^es  from  conditions  under  which 
extensive  coarse  bowlder  bods   wore  deposited  to 
those  rosultino;  in  the  doi>osition  of  tine  clays,  a^ 
shown  in  tho  well  sections  of  tho  Sjin  liornaixlino 
citMiajrsu  admit  of  two  or  three  ox]>lanations.     Minor 
phonomona    of    this   charact(»r   are   probably  adc- 
(juatoly  accounted  for  on  tho  hyiH)thosis  of  shiftiiigf 
river  channi'ls.     Then*  are  abundant  historic^il  ox- 
ampl(»s  of  limited  action  of  this  kind,  if  historical 
])roof  were  needed,  but  tln^  existence  of  an  alluvial 
fan  is  its«*lf  proof  that  tho  stream  which  built  it  has 
at  ditlerent  ])eriods  flowed  down  diffon^nt  nulii   of 
the  fan.     A  sti'oam  on  a  j^rowin^  fan  is  constjintly 
))uildin^^  up  its  ])0(1.     As  so.)n  as  that  bed  l)eeoiiies 
■  onou^rh  hi<j:her  than  an  adjacent  tnict  to  <^ive  the 
latter  a  >t*'eper  ^^rade,  the  stream  durinorsomo  floo<l 
Nxill  break  throu^fli  tho  low  continin*r  banks  which  it 
lia<^  built  atxl  Mow  in  the  more  advantairoous  ehaiuud 
until   that   has  been   built  hi«rh  enou<rh   to  bo  aban- 
(lont'd  in  turn  for  a  lower  course.     Thus  tho  fans 
iir-.th.  r*   Will  III  vii    <rr()w.      1  lii»  i)roc«»ss  i>  uiost  obvious  ifi  tho  ui>ix*r, 
st(»eper    parts,    where    stream   action   is  the    para- 
mount force.      It  is  proi>ably  essentially  the  same  in  its  lower  course, ' 
i»ut  with  h»«NS  ai>i'upt  and  violent  action  and  moro  oiriH'tive  UKKlitication 
by  other  a*rcncie>,  such  as  th<»  <rrowth  of  vegetation  and  tho  formation - 
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111  Wind-blown  sand  dunt^N.  Y«*t  in  mowt  cases  it  is  V(*ry  nffoetivt?  here. 
TbeiictiDnof  tlie.s*.^  iirkMiind  strcnnm  fin  ring  tb*?  porindH  of  lIotHi  is* 
iikfitttatof  normal  stream**  in  that  the  greato>it  volnme  of  water,  the 


swiftest  current,  and  the  greatest  carrying  power  are  concentra^j^|rtii 
a  main  channel  and  a  more  moderate  current  and  a  greatly  lessened 
carrying  power  ftre  found  outside  of  this  channel  on  the  adjacent 
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flooded  lands.     Coarse  and  heav}'  material  is  therefore  transpoited  and 
finally  deposited  in  the  channel,  while  only  fine  material  is  carried  out 
over  the  adjacent  flood  plain.     A  tmin  of  coarse  gravel  ma\'  thus 
extend  from  the  head  of  the  fan  far  down  the  stream's  course,  while 
on  either  side  of  it  the  con  tern  f)oraneous  deposits  are  fine  silts  which 
eventually  harden  into  impervious  clan's.     When  a  river  channel  shifts 
in  the  growth  of  the  fan  in  the  manner  sketched  above,  what  was  for- 
merly the  river  bed  may  be  abandoned  entirely  or  be  reached  only  by 
the  thin  edge  of  the  flood  waters,  which  deposit  only  sands  or  tine  silts. 
These  are  in  this  manner  laid  down  over  previously  deposited  gravels, 
producing  the  sharp  alternations  which  the  well  sections  often  reveal. 

Where  deep  and  laterally  extensive  !)odies  of  gravel  exist  l>encath 
the  present  surface,  such  as  the  one  whii'h  underlies  the  Victoria  tract 
of  the  (rage  Canal  Comimny  and  apparently  extends  west  in  the  direc- 
tion of  Colton  as  far  as  the  Bunker  Hill  dike,  their  presence  at  least 
suggests  climatic  conditions  at  the  time  of  deposition  which  were 
difi*erent  from  those  of  the  present. 

Now,  gravels  are  deposited  only  in  the  narrow  washes  which  form 
the  cliiiniicls  of  the  streams  and  only  as  incidents  of  the  nmjor  floods. 
In  the  lower  part  of  the  Santa  Ana  wash,  at  present,  the  greater  part 
of  the  surface  alluvium  is  sand,  bowlders  and  coarse  gravels  being 
relativ(»ly  unimportant.  But  tin*  gravel  stratum  under  consideration, 
which  is  from  100  to  200  feet  thick  over  an  area  of  at  least  one  and 
probably  of  several  scjuare  miles,  appears  from  the  drill  records  to  be 
even  coarser  and  heavier  than  the  surface  wasli.  Seemingly  the  con- 
ditions which  resulted  in  the  dei)ositi()n  of  the  latter  are  scarcely 
ade<|uate  to  account  for  these  coarse  c()l)bles.  It  may  l)e  that  slight 
difl'erences  in  clinuitt*  existed  when  these  gravels  wen*  laid  down.  An 
increase  of  a  few  inches  in  the  annual  lainfall  at  present  would  greatly 
stinnilate  stream  activity  and  nv^ult  in  transporting  coarse  material 
to  much  greater  distance's  from  tlie  canyon  mouths  than  now.  Espe- 
cially would  this  he  true  if  such  a  period  of  increase  were  to  follow 
one  of  drought,  during  which  ttjc  fans  w<'re  steepened  ])v  the  dropping 
of  stn^am  loads  on  th(»  u]){km-  slopes  hecanse  of  tlu^  decn^ased  tmns- 
porting  power  du<'  to  the  lessened  niinfall.  These  periods  of  increased 
and  less(Mied  rainfall,  if  they  really  are  to  be  regarded  as  one  of  the 
causes  of  the  alternation  of  coarse  and  of  tine  de])()sits,  nuist  have  been 
centuries  long.  Measured  in  inches,  the  accumulations  by  river 
deposition  ar(»  very  slight  for  any  single  year.  One  or  two  hundred 
fe(»t  even  of  coarse  alluvium  must  have  required  at  least  as  many  years 
to  accunuilate  as  there  are  feet  of  material,  and  the  finer  deposits 
represent  a  much  longer  time,  as  they  represent  slower  deposition. 
Yet,  geologically,  the  time  required  for  the  filling  of  the  entire  San 
liernardino  basin  has  been  but  short.  Well-preserved  trunks  of  trees 
are  cut  b}^  the  drill  at  depths  of  several  hundred  feet.     They  are  dark- 
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•Ugh  the  porous  accumulations.  This  was  the  habit  of  all  streams 
utary  to  San  Bernardino  Valley  previous  to  their  appropriation  at 
canyon  mouths  for  irrigation  purposes.  Only  a  part  of  the  rarer 
is  following  heavy  winter  rains  reach  the  sea  over  the  surface. 
?never  in  their  subterranean  course  the  waters  cn(X)untered  an 
?rvious  barrier  of  any  kind,  they  accumulated  behind  it  until  they 
to  it«  level  and  flowed  over  it,  precisely  as  stream  waters  are  ponded 
;  of  a  dam  until  they  rise  to  the  level  of  its  crest.  When  such  an 
ruction  extended  to  the  surface  of  the  ground  the  waters  were  forced 
IS  springs  and  again  became  surface  flow  s.  In  southern  California 
e  lands  of  rising  waters  are  given  the  old  Spanish  name  '^cienaga.'' 
snerally  in  the  alluvial  material  where  ground  waters  exist  under 
sure  the  compact  stratum,  whatever  be  its  nature,  which  confines 
I  is  not  entirely  impervious.  There  is  leakage  through  it,  and 
leaks,  when  they  extend  to  the  surface,  become*  the  springs 
h  characterize  the  cienaga  lands.  In  almost  every  instance  those 
$  which,  as  the  region  developed,  became  important  artesian 
18  were  recognized  as  moist  land  before  development  through 
occurrence  of  these  springs,  l)ut,  although  the  cienagas  in  so 
,'  case^  proved  to  indicate  artesian  conditions,  and  th(*  greater 
ian  basins  were  always  indicated  bv  them,  a  few  of  the  minor 
IS  are  not  thus  marked,  and  the  distribution  of  the  springs  in 
niportant  basins  sometimes  fails  to  give  any  ade«[uate  guide  to 
extent  or  outlines  of  the  artesian  area.  It  is  nire,  of  coui-se, 
a  subsurface  dam  extends  just  near  enough  to  the  surface  to 
the  percolating  waters  out  without  expressing  itself  topograph- 
A    ridorp..  or  at  lonst  »   scrips  of  mounds,  is  jinf.  to   ho  foiuul 
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upon  a  smaller  water  supply,  cause  a  relatively  much  larger  evapoii- 
tion  and  result  in  the  deposition  of  a  greater  percentage  of  the  con- 
tained alkalies.  These,  in  son\e  instances,  act  as  a  finu  cementiDK 
material,  particularly  where  calcium  carbonate  is  an  abundant  salt,  so 
that  the  site  of  the  spring  may  be  built  up  into  a  low  alkaline  terrace, 
which  interrupts  the  even  slopes  of  the  desert  wash.  The  Box  S 
Springs,  just  north  of  the  San  Iternardino  Mountains,  arc  an  example 
of  this  class  of  cienaga. 

I  NDKKCJUOrNI)   nWH^LATlON. 

A  fact  which  has  already  been  frc(|U(»iitly   mentioned  is  that  the 
waters  of  the  living  mountain  streams  during  i)eriods  of  normal  floW 
disa])poar  promptly  in  th<>  gnivcls  at  the  mouths  of  the  mountain 
canyons.     The  greater  discharges  of  the  minor  Hoods  are  likewis** 
usually  absorbed  In^fore  they  have  passed  far  out  upon  the  streai^ 
washes.     Only  a  part  of  the  infrequent  greater  floods  escapes  to  th^ 
sea  as  a  surface  flow.     These  absorbtnl  normal  and  flood  waters  perco^^ 
lute  slowly  seaward  undergroiuid  along  courses  which  are  determined 
by  the  i»x(cnt  and  permeability  of  the  valley  Hlling  and  l)y  the  pres- 
ence or  absence  of  impervious  obstructions,  such  as  buried  or  partly 
buried  bed-rock  mass(».s,  or  of  folds  in  the  alluvium  itself,  which  may 
deflect  or  obstruct  the  waters. 

When  experiments  have  betMi  made  to  determine  the  rate  and  direc-  < 
tion  of  movement  in  the  ground  waters,  it  has  usually  been  found 
that  tiie  flow  is  in  the  direction  in  which  the  genemi  water  plane 
slopes,  although  local  exceptions  may  (»xist.  The  general  |)osition 
and  attitude  of  this  plane*  in  San  •Bernardino  Valley  have  been  doter- 
min(»d  at  two  periods  (IM.  Vll).  Its  slope,  although  not  uniform,  is 
g(»n(M-al  toward  tlu»  lowest  part  of  the  valley  occupied  by  the  Santa 
Ana  wash.  It  is  in  the  same  direction,  although  not  at  the  same 
rat(\  as  tin*  surface  gradient.  Th(^  seepage*  of  the  underground 
watcMs,  which  is  generally  slow,  although  at  a  varying  rate,  is,  like 
the  surface  slope,  toward  the  lowest  point  of  tlu?  basin.  The  rate  of 
seepage,  however,  is  much  greater  along  the  lines  of  the  ])orous  gmvels 
which  mark  the  washes  of  th(»  present  and  of  tlu*  ])ast  than  in  the 
interareas  of  sand  and  soil  and  clay.  So  great  is  the  difl'erence  in 
rate  that  it  seems  likely  that  the  form  of  the  water  surface  undergoes 
a  mon*  or  less  regular  annual  alteration.  It  is  })elieved  to  arch  along 
th(*  line  of  the  washes  during  the  rainy  season,  draining  slow^ly  from 
these  laterally,  toward  the  less  pervious  areas  on  either  side.  Dur- 
ing the  dry  season,  on  the  other  hand,  when  the  open  material  of  the 
washes,  draining  freely  because  of  its  porosity,  los(»s  its  waters  before 
the  adjacent  soils,  the  surface  of  the  water  plane  is  depressed  in  the 
vicinity  of  the  washes.  The  adjacent  lands  then  drain  toward  the 
washes,  as  they  drain  away  from  them  duringthe  wet  season.     Such 
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I  woe  in  which  there  is  a  seasonal  reversal  of  the  direction  of  perco- 
htion  may  be  expected  to  border  the  loose  gravels  of  all  flood- water 
dunels  (fig.  10). 

The  checking  of  the  mte  at  which  the  water  moves  seaward,  as  soon 
Mit  sinks  into  the  rubble  of  the  valley  alluvium,  together  with  the 
fact  that  the  porous  buried  strata  through  which  it  percolates  have 
■D definite  banks  as  have  surface  streams,  results  in  the  spreading  out 
of  the  water  beneath  the  surface  into  a  broad  zone  through  which  it 
moTes  seaward  at  varying  rates.  In  San  Bernardino  Valley  these  zones, 
representing  the  percolation  from  the  mountain  tributaries,  Lj'tle 
[  Greek,  Oajon  Creek,  Devil  Canyon,  East  Twin  Creek,  Plunge  Creek, 
I  ttid  Santa  Ana  River  and  Mill  Creek,  and  in  winter  from  the  direct 
I  nunfall  within  the  valley  itself,  converge  in  the  basin  about  San  Ber- 

wdino  into  the  wide,  irregular  area  40  or  50  square  miles  in  extent 

lad  situated  near  the  center  of  the  valley,  which  is  especially  valuable 

keuse  of  the  accessibilitv  of  its  stoi*ed  water. 
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Fi<3.  ]0.— tiiHfrninimatic  cr<j!48.sectioii  of  RUininor  atid  winter  wnter  tnble  boiieath  a  Ntreaiii  <'hftiinol. 

The  interareus  l)etween  the.se  zones,  where  tliev  iire  saturated, 
proFjaWy  receive  their  waters,  in  ])art  at  legist,  by  lateral  seepage 
from  the  zones  themselves.  The  rat(»  of  inoveniefit  through  the 
gravels  in  San  Bernardino  Valley  has  not  luu^n  investigated.  Meas- 
urements of  the  rate  where  c'oinparaf)l(»  conditions  exist  have  been 
made  by  Prof.  C.  S.  Slichtcr^'  in  Mohave  River  near  Victorville,  Cat., 
and  in  the  Paso  de  Bartolo,  through  whi(;h  (h<»  waters  of  the  San 
Gabriel  flow;  and  by  Mr.  Homer  Hamlin''  in  Los  Angeles  River  in 
and  al>ovc  IjOs  Angeles,  Cal.  At  Victorville  velocities  of  0,  S,  2(>,  85, 
4rJ,  and  04  feet  a  day  were  determined,  and  an  average  of  ;>(>  feet  has 
iiecn  assumed.  In  the  Paso  de  Ikrtolo  the  nuich  lower  rates  of  3i,  4, 
oj,  and  7  feet  a  day  were  determined.  In  the  ext(»nsive  series  of 
tests  made  by  Mr.  Hamlin,  extremes  ranging  between  o  and  W  feet  a 

■  Sllehier,  Charlen  8.,  The  molloiiH  of  undcrKronrKi  watorx;  SVaHT-Snp.  and  Irr.  I*a|H'r  No.  r»7,  I'.  S. 
<;«i»l.  Survey,  isai.  p.  43  et  seq. 

t* Hamlin.  Homer,  T'nderflow  tests  In  the  dminngc  bwiii  of  I»s  AiiKt'h's  KiviT:  Water-Sup.  and  Irr. 
Piper  No.  112.  U.  8.  Geol.  Survey,  1900. 
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day  were  measured.  Measurements  were  attempted  on  many  strata, 
which  gave  results  lower  than  could  be  detected  by  the  methods  used- 
Mr.  Hamlin  lx?lieves  that  his  methods  are  sufficiently  refined  to  meas- 
ure a  movement  of  less  than  1  foot  a  day,  so  that  where  no  flow  weu^ 
detected  it  is  assumed  that  the  alluvium  is  practically  impervious. 

The  average  flow  in  26  of  Mr.  Hamliirs  tests,  all  of  which  gav^ 
measunible  mtes  of  movement,  is  23  feet  a  day  in  round  numbei's^- 
Since  the  majority  of  the^e  tests  were  made  in  the  narrows  of  Lo^ 
Angeles  River,  20  miles  below  the  mouth  of  Tujunga  Canyon,  it  maj^ 
be  assumed  that  at  least  as  high  an  average  velocity  is  maintained 
through  the  pervious  stmta  in  the  Santa  Ana  River  wash  above  Col'' 
ton.     It  may  be,  indeed,  that  a  higher  avemge  is  maintained  there-' 
Twenty -three  feet  a  day  is  8,895  feet,  or  a  little  more  than  li  miles,  ^^ 
year.     At  this  rate  waters  which  enti*r  the  gmvels  at  the  head  of  th^ 
Santa  Ana  wash  would  appear  at  the  Bunker  Hill  dike  seven  or  eight 
years  later.     The  facts  pr()ba))ly  are  that  a  portion  of  these  waters 
api>t?ars  there  in  very  nmch  less  time,  while  another  portion,  passing 
through  less  pc^rvious  strata,  rexjuires  a  much  longer  time.     The  effec- 
tive percolation  is  always  that  of  th(»  greater  rate  through  the  coarser 
material,  since  its  discharge  of  available  water  \n  vastl}^  greater  than 
that  of  the  slower  percohition. 

The  fact  that  the  water  plane  all  ovi^r  the  basin  resjwnds  promptly 
to  an  increase  of  minfall  is  not  an  argument  against  the  delil)erate 
movement  of  tlw  underground  water.  The  water  plane  rises  as  a 
hydrostatic  (»flect  of  the  introduction  of  more  water  at  any  point  within 
the  basin  and  not  as  a  result  of  flow  from  the  point  of  entrv  to  ail 
the  points  atfectcd. 

The  rate  at  which  flood  waters  are  absorl)ed  by  the  alluvial  gravels 
and  the  total  amount  thus  added  to  the  underground  reservoirs  by  any 
given  storm  are  matters  of  great  intert^st  but  are  diflicult  to  determine. 
Mr.  W.  H.  (Mapp,  hydrogia])lier,  conducted  a  series  of  measurements 
of  a  number  of  streams  in  southern  California  during  the  spring  of 
L9(K:{  to  d<»termine  the*  rate  of  absorption  of  flood  waters.  On  April 
U)  of  that  year  a  moderate  rain  accompanying  a  low  tempeniture 
resulted  in  a  small  flood  discharge  and  a  w(^ll-maintain(Hl  later  flow,  as 
much  of  the  ])r(»cipitation  was  in  tli(»  form  of  snow  at  the  greater  alti- 
tudes. On  April  24  the  streams  discharging  into  the  San  Bernardino 
basin  were  measured  and  the  proportions  of  this  flow  diverted  and 
absorlxMl  were  determined.  The  measurements  were  made  with  a 
limited  force,  and  therefore  itw^as  not  possi})le  to  carr\'  them  out  at  as 
many  points  as  was  desired.  N(.»vertheless  the  results  are  of  great 
interest.  Similar  measurements  were  made  on  May  If)  and  the  results 
of  both  are  shown  in  the  accompanying  table,  which  gives  the  total 
amount  of  water  absorbed  by  the  alluvium  during  the  two  twenty-four- 
hour  periods. 


diaeharffed  in  imtM^fimr  komn  from  Intmtary  Mreanu  and  nnimg  in 
Scmla  AfM  Rinr  hatin  above  CdUon,  OaL 

[W,  B.  Cktpp,  h7drr«niplier.] 
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The  rate  at  which  this  absorption  took  placo  is  indicatod  for  one  of 
the  .streams,  the  Santa  Ana,  by  fig.  11.  Durin*^  the  earlier  nu^asure- 
ment,  that  of  April  24,  a  flood  of  lUT  second-ft»et  was  eoniph^tely 
ihrcorbetl  in  8  miles,  while  on  May  Itl  a  How  of  ♦m  second-feet  had 
dimppcia red  within  a  distance  of  5  miles,  more  than  one-third  of  the 
loe4!»  occurring  in  the  last  half  mile,  wIkmi  the  velocity  was  least. 

During  the  tirst  measurement  water  from  the  measured  streams  was 
flowing  into  the  underground  reservoir  at  t\n\  rate  of  about  ;U7  cu))ie 
feet  a  second,  and  during  the  last  measurement  at  the  rate  of  about 
lt»0  cubic  feet  a  second.  It  is  of  inteiest  to  note  that  the  first  rate  is 
somewhat  more  than  double  that  at  which  water  is  withdrawn  from  the 
«me  ^>asin  during  the  irrigating  season,  while  the  later  measurement 
indicates  absorption  at  a  i*at«  (^pial  to  two-thirds  of  the  rate  of  with- 
drawal during  the  irrigating  season.  During  gn»at  floods  this  i-echaigo 
must  take  place  at  a  very  much  greater  rate,  but  it  is  evident  that  this 
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18  necessary,  since  it  continues  for  a  comparatively  brief  period,  whik 
the  withdrawals  are  continuous  for  nine  or  ten  months  of  the  year. 

ORIGIN   OF   HEAD  WITHIN   THE   ARTESIAN   BELT. 

The  alluvial  deposits  of  the  streams  tributary  to  the  San  Bernardinc 
basin  have  been  laid  down  by  the  streams  as  they  have  built  the  slop- 
ing plain  upon  which  they  now  flow.  All  of  the  deposits,  fine  and 
coarse,  therefore  have  a  distinct  dip  toward  the  lowest  part  of  tlie 
basin.  All  of  these  strata  abut  against  the  arch  in  the  earlier  alio- 
vium,  which  is  known  as  the  Bunker  Hill  dike.  Where  coawa 
bods  in  the  lower  part  are  capped  by  finer  ones,  which  either  art 
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Kitf.  11.— Diugnim  showing'  ^iiikiiiK  of  IUmhI  whIits  «>f  Sniita  Aim  Kiver  in  .streHiu  bed. 

impervious  or  are  so  compact  that  wat(M*  leaks  upward  through  thei 
more  slowly  than  it  enters  the  coarse*  underlying  strata,  artesian  coi 
ditions  result.  As  the  gravel  and  bowlder  beds  and  the  finer  overly  in 
clays  and  sands  occur  at  a  num))or  of  horizons,  water  under  pressui 
is  found  at  a  number  of  depths  within  the  artesian  area.  The  well 
whose  yield  has  been  greatest  are  of  moderate  depth.  Three  of  th 
Gage  wells,  all  less  than  '200  feet  deep,  flowed  more  than  40O  inchc 
of  water  each  in  1892.  Four  others  are  reported  to  have  yielded  nea 
300  inches  each  in  the  same  time.  Two  of  these  wells  were  800  feet  dee 
or  less,  one  was  426  feet,  and  another  582  feet  deep.  All  have  cease 
flowing  or  have  greatly  decrea^^ed  in  j-ield,  ])ut  the  shallower  one 
were  the  earliest  exhausted.     One  of  the  best  yielding  wells  of  th 
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iirersifle  Viator  Company  originally  was  a  S30-f oot  well  in  the  tract 
vh  furnishes  the  city  of  Riverside  with  its  domestic  supply.  Two 
'  fnmaoB  wells  belonging  to  the  water  company,  about  2  miles  east 
f  Bui  Bernardino,  flowed  between  160  and  200  inches  of  water  each 
ilhej  were  first  put  down;  They  were  drilled  in  1900,  and  have 
amofig  the  most  productive  of  the  late  wells.  The  yield  from 
L  has  Mien  off  greatly  of  late,  but  they  have  not  ceased  to  flow. 
'Onf*  of  the  new  wells  put  in  by  the  city  of  San  Bernardino  in  the 
\ntiU  ti-nct  in  1901  measured  at  the  time  of  its  completion  somewhat 
miy  \hnn  90  inches.  A  981-foot  well  belonging  to  the  Riverside 
y\'\wv  C^>inpan}%  situated  near  the  intersection  of  Waterman  avenue 
Tliird  street,  and  yielding  about  120  inches,  is  now  one  of  the 
flowing  wells  in  the  valley,  although  earlier  wells  have  at 
I  time  flowed  several  times  as  much.  The  experiences  of  the 
*  companies  go  to  show  that  while  the  coarsest  gravels  and  the 
t  tlo^s  have  been  secured  at  very  moderate  depths,  the  head 
which  these  waters  exist  is  easily  drawn  down.  The  deeper 
lire  more  lasting,  although  usually  more  moderate  in  their  first 


^  Dot  unusual  experience  in  San  Bernardino  Valley  is  to  secure  a 

itow  from  a  shallow  well  100  or  200  feet  deep,  and  after  this  has 

1  to  flow  with  the  lapse  of  years,  to  sink  a  deep  well  in  the  same 

and  again  secure  a  satisfactory  flow  from  a  lower  horizon. 

idireet  inference  from  these  phenomena  is  that  the  water-bearing 

^i*  ure  separated  by  intervening  strata  of  clay  or  fine  sand,  and  so 

'm  independent  sources  of  water  under  different  heads.     Another 

ijpDtfaesw  advanced  by  the  engineers  of  the  district  is  that  all  the 

wifen*  of  the  Ivasin  are  under  the  same  head,  originating  in  the  lowest 

ifte^^ian  stratum,  but  that  much  pressure  is  lost  through  frictional 

rejHtaneo,  as  these  watei's  rise  from  the  lowest  level  through  fine- 

^ined  beds  to  the  eoarse  beds  above;  when  they  are  tappc^d  at  a 

bijgfher  level,  therefore,  they  are  under  niuoh  less  pressure  than  when 

tipped  at  deeper  points.     This  hypothesis  requires  that  all  pressures 

ordinate  in  a  lower  bed,  and  means  that  all  of  the  artesian  waters  within 

the  Sftn  I^mardino  cienaga  ris<*  fi-om  this  lowest  horizon. 

Hie  other  hypothesis,  that  of  separate  wat^r  horizons  with  inde- 
pendent intakes — those  of  the  shallower  beds  well  down  from  the  can- 
yon mouths  toward  the  center  of  th(»  hjisin,  those  of  the  deeper  beds 
farther  up  toward  the  head  of  the  alluvial  fan — sup]>oses  all  the  waters 
to  be  litimply  percolating  watei's  at  any  horizon,  which  have  been  caught 
''t  'teath  the  upstream  edges  of  the  various  imp(»rvious  clay  masses  as 
LLty  have  worked  seaward.  Since  these  clays  exist  at  various  hori- 
lons,  their  confined  waters  are  tapjx^d  at  various  depths. 

To  determine  which  of  these  hypotheses  is  correct  would  n^iuire  a 
ttjien  of  carefully  conducted  experiments  upon  the  interdependence 
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of  deep  and  shallow  wells.  The  experiments  first  conducted  by  1 
fesMor  Hilgard^  upon  the  intenlependence  of  the  wells  of  the  Ci 
canal  s^'stom  in  1889  throw  no  light  upon  the  relations  exi^i 
between  wells  of  greater  and  of  less  depth,  since  the  only  wells  avaih 
for  nie4isurement>)  and  in  any  way  involved  at  that  time  were  the  ej 
shallow  bores  less  than  2(K)  feet  deep. 

The  later  extensive  series  of  records  made  by  the  engineers  of 
Gage  system  in  the  fall  of  1892  upon  the  56  wells  which  were 
source  of  supply  for  the  C4inal  at  that  time,  while  not  tarried  out  v 
the  idea  of  distinguishing  Ixitween  deep  and  shallow  wells,  or  of  sh 
ing  the  iiiterdepcndence  of  these  grouped  jiccoixling  to  their  depth, 
throw  some  light  upon  the  i)roblem.  Th(»  essential  results  of  th 
measurements  are  iuss<»mbled  in  the  following  table: 

lieconh  of  irelh  of  (iage  cmiaf  ttystemj  S(in  HenmrdinOy  Cat. 


UUhiI- 

miigU'. 

C 

S 

6 

* 

1^ 

% 

-3 

1 

Bun    litT- 

iiHftJfrio. 

Ihl 

1  1 

Do.... 

WW 

-  1 

Do. ...I  1 


Do....' 
D0....1 
Do....; 


Do. 
Do. 
Do. 


Do 


■•I 


Do. ...I 

D«».... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do....' 

Do.... 

Do.... 
Rc<ilan«ls. 

Do.... 

Do.... 

Do.... 

Do....i 

n  Ililtranl.  E. 

Exp.  Sta..  U.  S. 


LUl 


SAN    BERNARDINO   i^BTESIAN   ABBA. 


66 


Aarordt  nf  fPfiU  of  Oa^fe  canal  tytlem^  San  Bemardino^  Cii/.— €k>ntiDiied. 


s. 

1 
c 

1 

1 

..2 
1 

i 

1 

1 

1 

•s 

1 

1 

-3 

s 

If 

n 

1 

Cumulative  total  of  oi1g> 
inal  measurementa.      1 

Cumulative  total  of  flnal 

a 

1    ! 

1          1 

YnrdM. 

FM. 

Fird. 

In. 

o/-. 

inchn. 

Miner'9 
mrktu. 

AHb.iSM    28 

280     144 

1,062.28 

10 

62 

88.50 

38.00 

58 

1.871.50 

881.37 

58 

Ito....'W7    2» 

310     140 

1,004.27 

lOi 

02 

47.00 

28.85 

39 

1.918..')0 

910.22 

68 

I)a.J»    » 

790  .  138 

1.076.05 

10 

62 

30.00 

11.25 

63 

1,»«8..V) 

921.47 

58 

IK<....  399  >  31 

430     106 

1,074.5H 

10 

64 

9:50 

3.75 

60 

1.958.00 

925.22 

68 

Hi.....  «»  i  S2 

35     130 

1.074.28 

10 

&1 

28.50 

16:25 

48 

1.986.50 

941.47 

68 

Do....'4W     83 

816     146 

1.070.72 

10 

63 

90.00 

41.00 

55 

2.076.60 

982.47 

58 

Dn....!«2    84 

550  1  11« 

1.064.69 

10 

63 

98.80 

48.00 

52 

2.174.80 

1,080.47 

58 

to....;  108  !  35 

180  !  134 

1,063.49 

10 

63 

«i5.76 

30.50 

54 

2.240.55 

1,060.97 

68 

Dd....|4m's6 

120 

110 

1.060.89 

10 

64 

29.60 

16.00 

46 

2. -270. 05 

1,076.97 

68 

Dd....|4»    37 

680 

147 

1,057.05 

10 

66 

92.00 

4-2.00 

55 

2.»i2.05 

1.118.97 

54 

Dft... 

406    38 

90 

122 

1.058.15 

10 

66 

48.75 

28.75 

41 

2.410.80 

1.147.72 

08 

to... 

407i3» 

279 

116 

1.059.01 

10 

66 

24. 75 

10.50 

58 

2.485.55 

1,158.22 

68 

Do... 

40B    40 

1,090 

109 

1.053.14 

lOi 

66 

166.00 

77.15 

53 

2.601.55 

1,235.37 

58 

1  Ber 
udlno 

155    41 

474 

x« 

1.050.51 

10 

66 

168.00 

69.50 

58 

2.769.55 

1,304.87 

68 

ft)... 

ImI  42 

510 

192 

1.046.29 

10 

66 

160.00 

85.76 

50 

2,938.55 

1,890.02 

58 

ft).... 

1.W  '  43 

510 

380 

1.044.13 

lOj 

66 

137.00 

109.75 

20 

3.075.55 

1,500.37 

62 

Iir..... 

l.V$     44 

307 

224 

1,041.76 

10 

61 

146.00 

92.75 

87 

3,221.56 

1,593.12 

51 

!*».... 

ir«     45 

1,580     128 

1,014.87 

7 

62 

46.25 

l(i.50 

60 

3, 21^7. 80 

1,609.62 

51 

&>.... 

IdO     46 

15  1  133 

1.044.87 

7 

62 

16. 75 

(1. 70 

00 

3.2Ji4.55 

1,616.32 

51 

In..... 

161     47 

15     l:« 

1,015.02 

7 

62 

66.  (X) 

2C).  iO 

00 

3,  aw.  55 

1,640.72 

52 

>).... 

162  i  48 

40  j  139 

l,W7.f.7 

5 

♦12 

50.81 

•29.  ".W 

(iO 

3.101.34 

1.670.05 

51 

»i»....i  lfi3     49 

50  ;  211 

1,047.87 

7 

62 

7(>.00 

2().40 

(iO 

3,477.39 

1,(»98.45 

52 

»•> IM     W 

40  j  100 

1,04(;.42 

7 

(12 

20.00 

15. 00 

25 

3, 497. 39 

1.713.45 

51 

and-.'  409 

51 

4, 440     127 

1.077.27 

„ 

(VI 

7.00 

.00 

1(X) 

3.504.39 

1,713.15 

52 

•o....   41C 

6C2 

20     127 

1.076.83 

7 

(VI 

7.10 

.l« 

100 

3,511.19 

1,713.45 

52 

•rt.,..!  411 

M 

25  '  1-25 

1,077.14 

7 

(VI 

7.00 

.(K) 

KM) 

3, 51 H.  49 

1.713.45 

52 

n.....!  412*  TA 

25  1  li5 

1.077.45 

7 

(M 

10.  TiO 

.00 

1(N) 

3, 52X.  W 

1.713.45 

52 

lino. 

ir,9 

.V> 

5,070 

300 

1, 03<i.  71 

10 

.. 

150.00 

HO.  00 

r>r» 

3,(;7H.«n) 

1.7W.45 

52 

he  total  flow  when  all  the  w(»lls  w(M'o  open  was  52  per  cent  less  than 
cumulative  total  yielded  f)y  adding  the  re.sults  obtained  by  ineas- 
g  each  well  when  all  others  were  elo.^(»d.  If  the  wells  an»  grouped 
rding  to  depth,  however,  some  si<rniHcant  relations  are  brought  out. 
f  the  55  wells,  31)  are  less  than  200  feet  deep.  The  decrease  in  the 
vidual  flow  of  these  wells  from  a  maximum,  when  all  but  one  are 
?d,  toaminiraum,  when  all  are  open,  rantr^s  from  25  to  100  per 
,  and  the  total  when  all  are  open  is  <)2  per  eent  l(»ss  than  the  cumu- 
e  total.  Eleven  of  the  55  wells  arc  between  200  and  500  feet 
>.  The  decrease  in  the  flow  of  individual  wells  in  this  group, 
Iting"  from  the  opening  of  all  the  wells,  varied  between  0  and  63 
cent,  and  the  falling  oif  from  the  cumulative  total  to  the  final 
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total  was  33  per  cent,  about  half  that  of  the  much  larger  group  of 
shallower  wells.  A  third  group  of  5  wells,  mnging  in  depth  frolic 
500  to  nearly  800  feet,  showed  individual  decreases  in  flow,  as  the 
other  wells  were  opened,  from  0  to  37  per  cent,  with  an  average  of  l8 
per  cent — nmch  less  than  either  of  the  shallower  groups.  When  the 
.wells  are  grouped  in  this  way  and  the  data  examined,  it  is  clear  that, 
on  the  whole,  the  deep  and  the  shallow  wells  behaved  very  differently 
during  the  tests. 

The  shallowest  wells,  forming  the  largest  group,  show  the  greatest 
individual  and  average  decrease;  a  second  group,  intermediate  in  num- 
ber of  wells  and  in  depth,  shows  an  intermediate  decrease;  while  the 
smallest  group,  consisting  of  the  deepest  wells,  shows  the  least  falling 
off  in  yield  as  the  other  wells  are  opened. 

It  seems  safe  to  conclude  from  this  showing  that  there  is  not  fi-ee 
connection  between  the  shallower  and  the  deeper  water-bearing  hori- 
zons; indeed,  the  wells  of  each  group  behave  much  as  would  be 
expected  if  they  tapped  wholly  indeptMident  sources  of  water.  It  is  not 
probjil)le,  however,  that  this  is  true.  The  irregular  character  of  the 
alluvial  deposits,  the  abundant  unconformities  and  local  channels  within 
them,  and  the  fact  that  each  bed  of  clay  and  gravel  is  prol)abl3'  quite 
limited  in  lateral  extent,  make  it  probable  that  imperfect  and  devious 
connections  exist  between  the  deeper  and  the  higher  water-bearing 
horizons.  The  alluvial  fans  do  not  give  the  ideal  artesian  conditions  of 
a  practically  impervious  cover  and  a  pervious  underlying  stratum,  but 
rather  of  a  less  pervious  superincumbent  bed  and  a  more  pervious 
water-carrying  IhhI  })elow.  Just  as  the  water  leaks-  through  the  top- 
most clay  cap  of  th(^  Warm  Creek  and  Santa  Ana  basins  to  the  sur- 
face as  springs,  so  it  probably  leaks  from  the  lower  horizons  into 
tlic  upper.  So  long  as  this  leakage  is  less  rapid  than  the  supply  of 
water  to  the  })ed  through  natural  sources,  pressure  will  be  maintained 
aiul  artesian  conditions  will  continue.  Imperfect  connection  of  this 
sort  i)rol)ably  exists  between  the  chief  wat(*r-bearing  horizons  thrcmgh- 
out  the  artesian  basin,  and  it  may  account  for  the  reported  sensitive- 
ness of  deep  or  shallow  flowing  wells  to  pumping  in  shallow  or  deep 
ones  near  by. 

DECLINE   OF   THE    WATERS. 

Water  users  thioughout  the  valley  have  felt  in  various  ways  the 
general  diminution  of  the  supply  of  underground  waters  within  the 
last  leu  years.  Tlu^  large  irrigating  and  domestic  companies  have 
been  affected  through  the  lessened  tiow  of  surface  streams  upon  which 
they  formerly  d(»pen(led  for  a  large  part  of  their  supply  or  through 
the  diminished  yield  of  wells  and  the  necessity  of  installing  pumping 
plants  where  originally  naturally  flowing  waters  sufficed. 

Local  us(»rs,  ranchers,  and  others  have  found  that  lands  formerly 
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wilt  enough  for  pasture  and  ordinary  crops  are  now  dry  and  require 
irrigation,  and  that  domestic  wells  must  be  frequently  deepened  in 
ORJer  to  follow  the  declining  ground  water.  In  some  cases  the  ques- 
tion of  supply  is  becoming  acute  and  the  increased  cost  of  water 
prohibitive  for  certain  crops  in  unfavorable  localities.  Per- 
bittemess  often  results,  and  suits  are  instituted  to  prevent  devel- 
opments on  adjacent  land. 

About  the  general  fact  of  the  decline  of  the  ground  waters  and  of 
tlie  lessened  flow  of  wells  there  is  no  dispute  (fig.  12  and  PL  VII). 
The  relation  of  this  decline  to  decreased  rainfall  on  the  one  hand  and 
to  the  drafts  upon  the  stored  undergi*ound  water.s  through  develop- 
ments of  various  kinds  upon  the  other  is  a  subject  of  earnest  discus- 
sion, and,  indeed,  upon  a  eori-ect  answer  to  it  must  depend  the  future 
attitude  of  the  citizens  toward  further  reclamation  of  lands  and  toward 
tiie  successful  maintenance  of  a  part  of  those  already  reclaimed. 

Cktmffei  in  waUr  lerel  in  tcelU  in  Redlands  tjuadrangle  between  1900  and  1904- 


3tou«f 

Owner. 

Location. 

Eleva- 
tion of 
surface. 

Elevation  of  wiiter. 

Chanice 

in  water 

level. 

vdL 

1900.     ' 

1904. 

Fed. 

Feet.     ■• 

Ftd. 

fM, 

1 

Doctor  Meeker 

Sec.  16.  T.  1  8. 

R.2W. 

1,996 

1,718 

Dry. 

-8+ 

S 

Want.MllbiACO 

Sec.  21,  T.  18.. 

R.2W. 

2,00ft 

1.988 

1,966 

+22 

ft 

lln.lf.  A.  Brown 

Sec.  22,  T.  1  8., 
Sec.  20,  T.  I  8., 

R.2W. 

2.2M 
1,910 
2,075 

2,225 
1,M« 
2.aV2 

2.228 
1.H82 
2.062 

-  2 

T 

I.  P.Mclntosh 

R.2W. 

+1-1 

. 

LLjfww 

8ec.  16,  T.  1  8. 

R.2W. 

+10 

14  !  W.J.  French 

Sec.  19.  T.  1  S. 

R.2W. 

1,720 

1.560 

1.556 

-  4 

29  1  Garland  estate 

Sec.  A  T.  1  8. 

R.3VV. 

1,570 

1,391  1 

(") 

-29+ 

42     r.L.HMyt»s 

S4'c.  SJ,  T.  1  S. 

R.3W. 

1,420 

1.-270 

C') 

30  + 

43     0.  W.  HarTi> 

8i*e.  31,  T.  1  S. 

K.3\V. 

i.rm 

1,303 

('•) 

3  + 

4S  '  A.  C.  Fowler 

^kT.  M.  T.  1  S. 

K.:nv. 

l,'2nO 

1.140 

Dry. 

-1)0  + 

46     L.C.  Smith 

do 

l.2i:> 

l,l;r. 

C) 

10  t- 

4»  . 
56 

E.  \AOllv        

do 

1.2(U) 
1.210 

1.200 
1.1  .■)(•. 

1.1  S2 
l,lh7 

-l.H 

H.  BermiKltts 

do 

+31 

«  ■  R.  T.runl.H 

See.  29.  T.  1  S. 

ii.:nv. 

1.123 

1,073 

i,av> 

-IS 

€C     (ian?*Tu»r  A  Kniwick 

Sim-.  :tu,  T.  1  S. 

K.:nv. 

1,1-10 

1.110 

1.0.H.^> 

-  2.'> 

A)     Mrs.  S.  W.Sylv.ra 

Se«'.  -jy.  T.  1  S. 

K.  :<  w . 

l.JtK) 

1,170 

1,137 

43 

?tJ     S.  Mansfield 

do 

1.193 
l.l.vC. 

1.1. M 

1.1  re. 

1.113 
1,131 

11 

M     A.  Lenariiiii 

do 

Sy 

94      W.  A.  Nirhi.N 

See.  2S,  T.  1  S. 

K.:nv. 

1.24«i 

1,191 

1.170 

-18 

ivi     Wniis  Miller 

See.  21.  T.  IS. 

K.3\V. 

1,2<J0 

1.203 

1,1H7 

16 

109     ('.  A.  Slmw 

d.> 

l.JC.T 
1  24;) 

1.217 
1    194  j 

1,1S.'> 

1  nri 

32 

113     A   Greirorv'        

.     do 

19 

117     s?.  Ronzone 

See.  K;.  T.  1  S. 

K.:nv. 

1 . 2:>7 

1,192 

i,iri(i 

20 

120     M.  R.Gay 

S.M'.  17.  T.  1  S. 

K.:i\v. 

1.220 

1.170 

1.14.') 

2;-) 

123     J.  F.IV.yd 

See.  16.  T.  1  S. 

H.3\V 

l,-2ti0 

I.ISO  ; 

i.iso 

0 

124     Wm.  LlndenlRTg 

See.  20,  T.  1  S. 

u.:j\v. 

1,220 

J,  ISO 

I.Ut 

23 

123     H.  8.  Drew 

See.  lU.  T.  1  S. 

U.3W. 

1,1  «7 

i.13:j 

1,137 

■f  4 

126     Jamex  Smith 

do 

1,1(^1 

1,130 

1,113 

17 

130    Clark  &  Brwthertoii 

Se<-.  20,  T.  1  S. 

It,3\V. 

1,1  o:> 

1,102  . 

1,147 

15 

131     J.  J.  PendcHfaKt 

Ser.  2y,  T.  1  S. 

R.3W. 

1 .  200 

1.1  rrt) 

1,159 

132  1  H.H.Cole 

Sue.  30,  T.  1  S. 

R.3W. 

1,140 

i,ios 

I.OIW) 

13 

aV 

ly  at  1,365  feeL              fcl902, 

L.240  feet. 

C1902,] 

,300  feet. 

rfDry  at  1.125 

feet. 
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('hangi's  iti  imUr  Jevfl  in  wells  hi  Redlands  ffuadrangle  heJn^eii  J 900  and  1904 — Continued  ^ 


No.  of, 

Wl'll. 


I 


Owner. 


I^tcation. 


I 


1'29     H.  R.Scott I  Stv.  1«).  T.  1  S..  R.3\V. 

Uf)     K.  F.  Van  Lcuven ^  Se<-.  Z\  T.  1  8..  R. 4  W. 

l.V.     F.Morris ?oc.  32.  T.  1  S..  R.  3  W. 

2M9     N.  ^uthcrlnnd ,  Sec.  4,  T.  1  S.,  R.  3  VV. 

jyO     I'atlrc  A  Nye Sec.  h,  T.  1  S.,  R.  3  \V . 

2D1     (J.  .1.  Fowler do 

292  '  U.  F.  Cunninfrimni <lo 

Xil  '  Mrs.  Hiiw** Set*.  6.  T.  1  S..  R.  3  W. 

X}0    JaiH"  ('.  (itMKlman ' d(» 

m)  1  Stale  of  California  Hospital..'  S«h-.  ft,  T.  1  S.,  R.  3  W. 


Eleva-   ; 
tlon  of 
surface.  ] 

Elevation  of  water. 

Chanfce 

In  water 

level. 

1900.     1 

1 

1904. 

/M. 

>Vr<.     1 

/W. 

FrfL 

1.120  , 

1.108  1 

(«) 

-  8+ 

1.103  : 

1.083  I 

1,070 

-18 

1.200  ' 

1.195  1 

1,165 

-30 

1,227 

I.IGO  1 

1.134 

-26 

1,200  ! 

LLW  . 

1,126 

-24 

1.180  ' 

1.127  1 

1.110 

-17 

l.lfiO 

1,120  ; 

1.105 

-15 

1,12.5  , 

1,125  i 

1,115 

-10 

1.140 

1,128  1 

1.108 

-20 

1.110  1 

1.078  1 

1.064 

-u 

"  Dry  at  20  feet. 


Clumt/es  hi  water  level  in  irelh  in  Sati  lienmriliiw  quadrangle  hetireen  1900  and  1904. 


No.  of 
well. 

1 
Owner.                     '             I^K'ntion. 

Eleva- 
tion of 
surface. 

Elevation  of  water. 
1900.     1      1904. 

Change 

In  water 

level. 

1 

Fret. 

Frt't 

/>f/. 

Fert. 

73 

W.  L.  Zader 

.,  Sec.  29.T.  1  S..  R.  4  W. 

980 

930 

920 

-10 

76 

Mrs.  R.  R.  .\tkln**... 

.1  St'c.  :«),  T.  1  S..R.4W. 

980 

938 

923 

-15 

7.S 

\V.  ({,  Soar*»M 

do 

875 
1.077 

871 
1,077 

863 
1,0?2 

-  8 

104 

Riverside  Trust  Co.. 

.    .Sec.  24,  T.  1  S.,  R.4VV. 

-  5 

17H 

<;.W.  Curtis 

do 

1.088 

1.063 

1,045 

-18 

181 

W.  .\.  Thomas 

d«» 

1.078 
1.019 

1.076 
959 

1,068 
977 

--   8 

189 

K.  M.C.»oley 

.    Sec.  27,  T.  IS..  R.4W. 

+18 

1«>9 

Washington  Seti«N)I. 

do 

1.013 

966 

961 

-  5 

•j<n 

Fred  I'«H»les 

.    See.  LW.T.  IS.,  R.  1  W. 

9.V> 

907 

895 

-12 

277 

(J.  Henwick 

.    S«'e.  8.  T.  IS..  R.  4  W. 

1.090 

l.OTVS 

i.a-io 

5 

•J8(.l 

K.  Memory 

.    Sec.  2(».  T.  1  S..  R.4W. 

982 

927 

920 

—  7 

'li<'l 

C.  H.  Westmycr 

.    Sec.  8,  T.  1  S..  R.  4  W. 

l.(W9 

1,062 

1,048 

14 

:u(i 

(iro.  M.  <'t)ol«*y 

.  Sec.  ;{i'..  T  1  N..R.  nv. 

l.l.-iO 

1.108 

1,090 

-18 

Ml 

.      .   do 

do 

l.l.'H) 
LlfjO 

1.108 
1.108 

1,090 
1,090 
1,146 

-  18 

•.win 

do 

do 

-18 

3I.H 

K.  .F.Stilis 

.    S,c.  :ri.  T.  1  N.,R.  4W. 

1,1% 

l,ir)7 

-11 

:ii'.» 

.lii'*    I)i('k>>oi) 

do 

1.179 

1.288 

i,nr> 
1.H3 

1.131 

i,ir. 

-14 

oJ'» 

MuMMipiul.*' Land  and  \Vat<'r     St-c.  I'li.  T.  1  .\.,  R.  4\V. 
Co 

-••» 

;;n 

II.  N.  Ston.s 

.    Sec.  ;;4.  T.  1  N..K.4W. 

1.141 

1.087 

1.078 

-  9 

;'..M 

S.  V.  K.'llcy 

.    S.T.  2S.T.  IN.,  Ii.  4W. 

1.170 

1.121 

1.095 

-26 

Xu 

.s.  M.  .luhnson 

d<i 

1.182 
1,18,S 

1.122 
l.i:J5 

1,082 
1,118 

-40 

lii'.t 

F.  .Mvani.lo 

.    Src.:V2.  T.  1  N..R.4W. 

-17 

'M\l 

I).  W.  White 

.    Src.  1.  T.  1  S..  R.  4  W. 

1,109 

1 .  any 

1.074 

-15 

:{7() 

V.  L.  llolcomh 

.    See.  :U.  T.  1  N..  K.  J  W. 

1.128 

1.10t» 

1.078 

22 

:;7.'» 

n«'Xtt  r  Fit'ld 

.    S,'c.  .').  T.  1  S..  R.  J  W. 

1.147 

1,112 

1,089 

-23 

:m» 

S.  v..  \.  PahiKT 

.    .^ir.:«.  T.  1  N.,  K.  1  W. 

1.1 7f. 

1,124 

1,099 

-25 

;>'.>s 

N    M    Swiirtliout 

.do 

1,142 
1,166 
1,121 

i.ii:» 

1.136 
1,090 

1,091 
1.086 
1,075 

-  21 

100 

1     11     1  vtli' 

do 

49 

nc. 

II.  H.  Ham 

.    See.  :iJ.  Tl  N..  R.  4W. 

-15 

■U') 

.\.  W.  H.-ini- 

.    Se<'.  r,.  T.  1  S..  R.  4  W. 

1,114 

i,iai 

1.077 

-27 

4.V) 

.M.  I).  Keynolds 

J.F.Caihl 

do 

1.116 
1.068 

1.094 
1.057 

1,076 
1,052 

-18 

i:>7 

.    Sec.  4.  T.  IS..  R.4W. 

-  5 

■\Us 

H.  K.  (iardm-r 

.'  Sw.  .^  T.  IS..  R.4W. 

1.089! 

1,079 

1.063 

-16 

470 

Charles  .Morris 

.'  8ec.26.T.  18..R.4W. 

1.078 

1,063 

1.054 

-' 
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At  one  point  within  the  valley  systematic  measurements  of  the 
water  level  have  been  continued  through  a  term  of  years.  For  these 
measarements  we  are  indebted  to  the  (jage  Canal  Company,  its  enlight- 
ened nmnagement,  and  its  able  engineers.  The  ''Williams"  well, 
in  which  these  measurements  have  l>een  made,  is  neiir  the  east  end 
of  the  Victoria  tract,  and  on  the  south  side  of  Santa  Ana  River. 
In  IH92  and  in  the  spring  of  1893  this  vvjus  a  flowing  well.  It  has  not 
flowed  since,  })ut  each  year  it  has  declined,  until  in  June,  1904  the 
water  level  was  38  feet  l)elovv  the  surface  (tig.  12). 

During  the  three  years  preceding  1898  the  measurements  were  made 
only  at  long  intervals  and  the  details  of  the  decline  were  not  deter- 
mined.   Since  that  date  measurements  have  l)oen  made  frequently,  and 
it  is  found  that  while  the  average  condition  is  one  of  d(?cline,  this  is  at 
a  varying  mte,  and  is  interrupted  by  periods  of  rise,  so  that  a  profile 
of  the  attitude  of  the  water  plane,  with  months  used  as  the  time  units 
and  feet  as  the  units  of  elevation,  exhibits  a  seri(\s  of  pulsations,  the 
water  level  rising  each  spring  in  consecjuence  of  the  winter  rainfall 
and  declining  from  that  time  until  after  the  beginning  of  the  next  rainy 
season.    These  upward  movements  were  espc^cially  marked  during  the 
springs  of  1901  and  1903,  the  minfall  at  San  Bernardino  in  the  preced- 
ing winters  having  been  heavier  than  the  average  for  thirty-four  years. 
Ik»tween  the  1st  of  Octolxn-,  1900,  and  the  1st  of  April,  1901,  the  water 
level  rose  nearly  9  feet,  and  a  rise  of  8  f(»et  is  shown  between  Febru- 
ary 1  and  June  1,  1903,  but  the  crest  of  the  1903  rise  was  10  feet  lower 
than  that  of  the  spring  two  years  before,  showing  clearly  the  marked 
geiieml  lowering. 

Aj^^ain,  a  curve  showing  t\w  avcrjigc  dcH^linc  siiK'c  ()l)S(M'vations  Ix'^an 
is  nmrkcdly  steeper  during  the  period  from  IS!H)  to  T.mm)  than  before 
or  '^ineo,  thus  indicating  that,  howevei*  many  causes  hav(»  l)een  oper- 
ative in  producing  the  ett*e<'t  ()l)serve(l,  the  diminished  rainfall  during 
those  dry  years  was  a  most  ])()tent  factor.  The  situation  of  this  well 
n^ar  Santa  Ana  Hiv(M'  results  in  piompt  re>ponsi\'eness  to  peiiods  of 
h<*avv  preci])itation  or  of  drounht,  and  accounts  for  the  strongly 
rnarke<l  anrnial  fluctuations  in  water  lexci.  which  ar(»  not  observcnl  in 
wcdis  at  greatiM'  distance's  from  important  waterways.  In  the  latter 
case>  the  percolation  of  the  tlood  waters  foi*  lono-  (li>tances  through 
>and  and  gravel  smooths  out  the  wa\'e>an(l  re(hiccs  them  to  an  average. 
Mr.  (iudeman  dohnson,  north  of  San  HiMiiardino,  h:is  kept  a  record 
of  tlu*  wat(»r  lev(d  in  his  well  for  some  yeais  past,  and  while  there  are 
some  long  intervals  in  it  during  which  no  measurements  were  made, 
it  is  suflicicntly  full  to  show  the  absence  of  such  marked  animal  pul- 
sitions  as  are  characteristic  of  tlx'  Williams  record.  V(»t  its  gcniMal 
results  are  identical:  It  shows  a  d«'cline  of  -JT  fe«»t  fiom  rlune,  IS'.i'j, 
to  June,  1904,  a   lowering  of  the  plane  of  satui-ation  of   more  than 
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5  feet  a  year.  It  likewise  snows  a  markedly  steeper  gradient  for  the 
dry  period  preceding  1901  than  for  the  four  seasons  following,  during 
two  of  which,  1900-1901  and  1902-8,  the  precipitation  at  San  Ber- 
nardino has  })e4?n  above  the  average  of  the  last  thirty-four  years, 
although,  since  the  deficiency  during  1901-2  and  1908-4  was  greater 
than  the  excess  for  the  other  two  winters  of  the  four,  the  final  result 
is  a  deficiency  for  the  period  of  more  than  5  inches  (fig.  13). 

Although  outside  San  Bernardino  Valley  and  influenced  somewhat 
by  local  conditions,  a  profile  of  the  water  plane  at  Anaheim,  Cal.,  as 
determined  by  Mr.  J.  B.  Neff,  is  here  introduced  for  comparison 
(fig.  14),  and  for  general  confirmation  of  the  effect  observed  in  the 
case  of  the  interior  wells.     The  total  decline  of  the  water  level  in 
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Flo.  12.— Chart  shuwiiiK  viiriation 

this  well  from  the  beginning  of  observations  in  February,  1898,  to 
January  1,  190o,  is  27  feet  8  inches.  In  this  well  also  the  lowering  of 
the  wat(»r  level  was  much  more  rapid  during  the  years  preceding  the 
wint<M' of  11H)0-1901  than  since.  In  it  also  there  is  a  definite  rise  of 
the  water  plane  during  the  early  months  of  1901  and  1903,  although 
this  rise  is  of  smaller  magnitude  than  in  the  case  of  the  Williams  well. 
The  significant  thing  about  all  of  these  profiles  is  that  the  gain 
effected  during  the  winters  of  slight  excess  was  in  each  instance  lost 
before  th(>  end  of  the  succeeding  dry  season.  Only  two  doubtful 
points  can  })e  selected  in  the  Williams  profile  in  which  the  ground- 
water level  is  higher  than  at  a  corn»sponding  time  during  the  previous 
year.  These  two  ix)ints  are  the  crests  of  the*  floods  of  1901  and  1903, 
and  in  every  case  the  lowest  point  of  any  particular  year  is  lower 
than  the  lowest  point  of  the  preceding  year.     This  is  true  of  the  j^ears 
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UOO-1901  and  190S-S,  jluring  which  the  rainfall  was  2  inches  above 
tbetTenifte.    The  loss  in  these  cases  was  small,  but  distinct. 

In  Mr.  NeflTs  well,  at  Anaheim,  where  the  pulsations  &te  distinctly 
h68  in  magnitade,  the  loss  between  June  1,  1903,  and  'June  1,  1904, 
«M  8  iviMs,  and  between  November  4,  1900,  and  November  8, 
UQl,  8  inhee.  These  dates  are  the  most  favorable  that  can  be 
•dected,  aad  each  pair  spans  a  year  during  which  the  rainfall 
exceeded  .the  average  by  about  2  inches,  or  over  13  per  cent.  Years 
of  more  than  average  precipitation,  then,  have  very  decidedly  checked 
the  nto  of  decline  of  the  ground  waters,  but  have  not  brought  about 
a  cessation  of  that  decline.  The  average  precipitation  will  be  even 
less  efficient,  and  if  maintained  througb  a  term  of  years  during  which 


nf  water  levol  In  the  Willlani«»  well. 

there  should  he  no  change  in  the  amount  drawn  from  the  basin,  the 
surface  of  the  stored  subterranean  wat(M-s  would  inevitably  continue 
to  fall,  although,  of  course,  at  a  less  alarming  rate  than  during  the 
period  preceding  the  wnnter  of  lJM)()-r.»Ol. 

It  is  not  possible  with  the  data  at  hand  to  predict  the  effect  of  a 
series  of  wet  years  like  the  decade  from  LS83  to  181)3,  but  such  a  pro- 
longed wet  period  is  not  likely  to  occur  again  within  a  generation.  A 
scrutiny'  of  the  available  records  shows  that  it  has  not  been  duplicated 
in  a  half  century. 

A  very  large  percentage  of  a  moderate  precipitation  evaporates  at 
once  or  is  required  to  moisten  the  surface  soil.  The  proportion  which 
as  run-off  becomes  available  for  recharging  the  subterranean  res(M- 
voirs  increases  at  a  rapidly  accelerating  i-ate  as  rainfall  increases.  At 
the  same  time  less  irrigation  is  nccessarj^  during  winters  of  heavy 
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rainfiilK  and  a  large  proportion  of  the  reduced  irrigation  is  accom- 
plished by  surface  waters,  the  streams  during  such  seasons  flowing 
near  their  maximum.  Hence,  at  such  a  time,  drafts  upon  the  under- 
ground supplies  are  diminished  and  additions  to  them  are  increased, 
resulting  in  a  rapid  improvement  of  conditions.  Our  profiles  of  water 
levels,  however,  indicat**  that  such  im])rovements  will  not  Ije  penna- 
'  nently  effective  in  the  San  Hernardino  luisin  unless  the  rainfall  is  in 
<»xcess  of  17J  inches,  and  records  indicate  that  onl}'  one  3'ear  in  three 
exhibits  such  an  excess. 
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Vui.  lo.  -Clmrt  MliuwiiiK  vuriulidii  <»f  water  Ii'V«*l  in  thv  .iiiliiisoii  well,  near  Snii  li«Tiuinliiio. 

Accompanying  this  decline  of  th(»  ground  waters  there  has  l>een  a 
delinit(»  d(Mrease  in  the  extent  of  the  artesian  basin.  The  San  Her- 
nardino !)asin  was  pro!)al»ly  about  at  its  maximum  late  in  the  eighties. 
At  that  time  its  area  was  approximately  :5(»  square  miles.  In  IJMM), 
after  the  three  esp(»cially  dry  winters  of  lSt>S,  \sw,  and  UHH),  it  had 
shnmk  to  approximat(»ly  l.">.il  stpiare  mih»s.  and  at  the  beginning  of 
11)04  there  had  been  a  further  slight,  shrinkage  to  14  stjuare  miles 
(IM.  VII). 

A  i)henom(»non  which  expresses  the  same  condition  as  the  falling 
water  plane  and  the  decreasing  artesian  area  is  that  of  decreasing 
pressure  within  the  artesian  b(»lt.  This  results  in  a  falling  off  in 
arte>ian  llow  and  a  lessening  (»f  th(»  yield  from  springs  which  rise  in 
the  moist  lands.    Th(»  following  tabic*,  in  which  the  amounts  of  natural 
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ters  and  of  developed  waters  within  the  basin  during  the  last 
are  sho-vrn,  indicates  the  character  of  this  change. 
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iiioaHUi'euiontw  indicate  an  irn'tjrular  hut  none  tlu'  less  inarkod 
e  in  the  natural  flowing  walors  accompanying  an  cijually 
I  increase  in  the  (juantity  of  developed  waters.  The  latter  has 
ade  nceCHsar}^  in  order  that  the  total  supply  luit^ht  he  kept  up. 
u.ses  of  these  shrinkages,  which  have  heen  thus  s(»t  forth  in 
etail  a-re  twofold  the  decreased  minfall  of  the  htst  decjule, 
?  increased  development  of  waters  during  the  same  and  a  pre- 
period. 
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The  average  rainfall  at  San  Bernardino  during  the  last  thirty-: 
years,  which  may  l)e  ai»cepted  as  typical  of  the  upper  valley,  has  bo«^ 
15. (H)  inches.     This  should  be  within  2  per  c^nt  of  the  final  corr 
avemge  rainfall  for  that  point.     While  on  the  southern  slopes  andj 
summits  of  the  San  Bernardino  Mountains  the  precipitation  has  beea? 
heavier,  and  in  parts  of  the  lowlands  more  remote  from  the  mountains^^ 
it  has  been  lighter,  the  percentages  of  variation  from  the  normal  at   -tl 
any  selected  point  may  l)e  safely  assumed  to  be  approximately  equtl"^^ 
to  that  at  San  Bernardino.     Here,  while  the  general  average  is  15.M-^ 
inches,  the  average  for  the  last  eleven  years  is  12.14  inches,  giving  »---q 
total  deficiency  of  over  32  inches  for  that  period,  and  for  the  lait  '  .^ 
seven  years  the  average  has  been  but  11.36  inches  a  year.     Such*  ./ 
deficiency  in  a  region  where  all  the  normal  run-off  is  appropriated  at 
the  canyon  mouths  and  only  the  excess  is  set  free  to  recharge  th« 
gravels  that  form  the  underground  reservoirs  means  a  proportionately 
very  large  reduction  in  the  latter  element.     And  nec*essarily  during 
y(»ars  of  drought  the  drain  upon  the  underground  supply  is  greater 
than  (luring  y(»ars  of  normal  or  excessive  rainfall,  because  during  the 
hitter  periods  st^venil  of  the  winter  irrigations  may  sometimes  be 
omitted,  the  flowing  wells  capped,  and  the  pumping  plants  shut  down 
for  a  time.     Hence,  in  addition  to  the  decrejised  suppW  there  have 
!K?eii  incnnised  demands  on  the  underground  waters  during  the  last 
ten  years,  demands  indej^endimt  of  the  gmdual  increase   in  water 
requir(»d  by  increasing  acreage  and  the  greater  maturity  of  groves. 

Enterprises  like  the  Bear  Valley  dam  and  the  suggested  reservoir 
at  Filirca  Flat,  on  the  upper  SanUi  Ana,  although  most  economical 
when  th(»  region  as  a  whole  is  considered,  necessiirily  reduce  the 
amount  of  water  available  for  recharging  the  gravels  below  them  and 
thus  act  unfavorably  upon  the  districts  dependcMit  upon  the  supply  in 
these  gmvels  for  irrigation.  These  dams  retain  practically  all  the 
water  which  falls  above  them  in  their  respective  dniinage  basins,  so 
that  this  sui)ply,  instead  of  escaping  during  the  wintoi-,  to  be  absorbed 
in  large  part  by  the  giav(^ls,  is  stored  and  used  for  irrigation,  and  the 
underground  reservoirs  receive  only  tlu*  uncertain  amoimt  of  return 
waters  from  th(»  groves. 

In  addition  to  tliese  reductions  in  the  supply  through  decreased 
rainfall  and  developments  at  the  headwatei-s,  there  have  been  many 
additional  w(»lls  sunk  wMthin  the  basin  for  domestic  supplies  for  the 
growing  tributary  cities;  by  the  old  established  conipani(\s  to  maintain 
the  supply  necessary  to  preserve  the  acn»ages(»rved  by  them  and  to  make 
up  for  the  loss  through  the  shrinkage  of  surface  streams  like  Warm 
C^reek  and  the  Santa  Ana,  at  one  time  a  prolific  source  of  irrigation 
water;  and  by  new  companies  for  the  reclamation  of  new  tracts. 

An  attempt  to  estimate  the  amount  of  water  which  may  })e  taken 
from  the  basin  without  drawing  upon  the  reserve  supply  is  fraught 
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dHEcoIties.    The  amount  of  water  stored  in  the  (piavels  of  the    N 
is  undoabcedly  rery  great.    Mr.  Lippincott*  has  estimated      ) 
ly  that  their  caiMcity  is  6,400,000  acre-feet,  an  estimate  which     / 
onmbly  is  sufficiently  low.    This  amoant,  if  it  could  be  made     '\ 
iUe,  would  supply  the  canals  above  Colton  for  sixty  years  without      I 
B  nnual  additions  from  rainfall.  ^ 

As  a  matter  of  fact,  but  a  small  proportion  of  it  is  commercially  |]|f ) 
"  Ue.    These  saturated  gravels  have  been  penetrated  to  depths  of 
1,000  feet,  and  it  is  estimated  that  in  the  center  of  the  valley  they 
exist  at  8,000  feet  below  the  surface.    The  depth  from  which 
'  can  be  pumped  at  a  profit  depends  upon  the  value  of  the  crops 
i  by  its  use  and  upon  the  cost  of  its  distribution.    The  maximum 
^fi  present  may  be  accepted  as  250  feet,  and  at  this  depth  certainly  less 
i  90  per  cent  of  the  stored  waters  of  the  valley  could  be  reached. 
I  obvious,  however,  that  this  water  should  not  be  taken  out  any 
ElHler  than  it  is  annually  restored.    The  rate  of  this  recharge  is  a 
[iiealt  problem. 

Ho  definite  results  can  be  reached  by  an  attempt  to  estimate  the 
[aoont  of  water  which  is  directly  contributed  to  the  basin,  since  the 
ants  supplied  by  rainfall  within  the  valley,  or  by  floods  from 
^  As  mountains,  or  by  seepage  through  the  gravels  below  the  measured 
mrbee  flows  of  tributary  streams,  or  by  the  minor  unmeasured 
oiiyoDS  about  the  margin  of  the  basin,  or  by  return  waters  from 
irrigated  lands  which  drain  back  into  the  valley,  must  all  remain  unde- 
tntnined  factors. 

By  approaching  the  subject  in  another  way,  however,  ^suggestions 
which  appear  to  be  of  value  result.     The  Williams  and  the  Neff  mean- 
nrements  upon  the  water  plane  have  already  been  (liscusj«ed  in  part. 
In  each  of  these  the  gradient  of  the  decline  in  water  level  flattens  dur- 
ing the  years  1900-1  and  1902-3,  until  it  becomes  nearly  horizontal. 
The  rainfall  during  each  of  these  years  was  more  than  17  inches  at  San 
Bernardino,  where  the  normal  is  about  15  inches.     If  we  accept  the 
probable  assumption  that  2i  inches  more  than  the  normal  rainfall 
would  check  the  decline  under  present  conditions  of  development,  and 
that  it  might  also  be  checked  by  reducing  the  drafts  uix)n  the  basin 
by  the  same  percentage,  we  arrive  at  the  conclusion  that  about  115 
second-feet  may   be  withdrawn  without  permanently  reducing  the 
reserve  supply. 

Some  steps  have  been  taken  by  the  greater  irrigating  companies, 
which  are  dependent  upon  the  underground  supplies  of  San  Bernar- 
dino Valley,  to  check  the  escape  of  the  floods  that  pass  the  Bunker 
Hill  dike,  in  order  that  more  time  may  be  given  for  their  aKsorp- 
tion   by  the  porous  sand  and  gravel  filling  of  the  basin.     Thus  far 

•  Upptncott,  J.  B.,  Development  nnd  appliration  of  WHter  near  San  Bernardino,  Cal.:  Water-Sup. 
and  IfT.  Paper  \o.  ivo.  fJ.  8.  Oeol.  Survey,  1W2.  p.  2:i. 
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lands  and  formn  an  important  part  of  the  supply  there.  This  interest- 
ing group  taps  a  water  supply  in  the  earlier  alluvium,  a  source  entirely 
ditferent  from  that  in  which  the  water  at  San  Bernardino  is  found. 

^  The  beds  of  this  older  alluvi- 

^  g    g    S    g  um  form  the  Yueaipe  bencb, 

make  the  hills  on  either  8id«^ 
of  San  Timoteo  Canyon,  and 
extend  eastward  beyond  tb^ 
area  under  consideration  tio' 
B   ward  San  Gorgonio  Pfess  (fi^- 
S   15  and  PL  IX).   South  of  r«- 
g  caipe  Valley  they  dip  gent'iy 
I   northward,  the  dip  increasiO^ 
I   in  steepness  toward  theaiC^^ 
g>  of  the  Badlands  ridge  whic^-*^^ 
separates  San  Timoteo  Ca^^ 
yon  from  San  Jacinto  VallcF,--^ 
(fig.  15).    This  attitude  of  th  -^ 
beds  is  due  to  crustal  move^^ 
ments  since  their  deposition^ 
North  and  east  of  the  Yucaij 
they  lie  horizontal  or  have 
slight  south  and  west  dips, 
which  may  not  be  structural 
but  only  representative  of  the 
original  depositional  slope. 

The  Crafton  Hills  and  the 
heights  on  either  side  of  Res- 
ervoir Street  Canyon  are  of 
schistose  or  igneoas  bed  rock. 
These  two  areas  are  undoubt- 
edly connected,  although  the 
connection  is  buried  under 
alluvium  through  the  lower 
intervening  region.  It  is 
probable,  too,  that  the  pass 
between  the  Crafton  Hills 
and  the  mountains  just  east 
of  Mill  Creek  Canyon  is  un- 
i5§    §    §    §  derlain  at  a  modemte  depth 

^  by  bed  roc^k,  so  that  the  Craf- 

ton Hills  mass  makes,  as  it  were,  a  wing  dam  extending  southwest 
some  miles  from  the  San  Bernardino  Mountains  into  the  alluvial 
areas.  All  the  streams  draining  south  and  west  from  the  hills  that 
separate  Mill  Creek  from  the  wide  valley  to  the  south  sink  into  this 
old  alluvium  and  percolate  slowh^  through  it  toward  the  lower  levels. 
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They  are  checked  by  the  Grafton  bed-rock  mass,  and  in  the  vicinity  of 
the  mouth  of  Liveoak  Canyon  or  above  meet  the  northward  dips  of 
the  alluvium.  In  the  (iasin  thus  formed  the  waters  collect  under  pres- 
sure and  flow  when  the  porous  gravels  are  tapped  by  wells.  The  ordi- 
nary overflow  from  this  basin  must  percolate  around  the  southwestern 
foot  of  the  K(Hllands  Heights  l)ed-rock  area,  since  \ts  lowest  outlet  lies  in 
this  direction.  In  the  past,  after  long-continued  periods  of  excessive 
rainfall,  when  the  Yucai])e  gravels  had  become  saturated  to  higher 
levels  than  at  present,  the  canyon  through  which  lies  the  continuation 
of  Reservoir  street  toward  Yucaipe  Valley  probably  became  a  spill- 
way. Springs  and  small  areas  of  peaty  land  near  the  head  of  the  can- 
yon are  evidences  for  this  hypothesis. 

In  lower  Yucaipe  Canyon,  a  mile  or  two  above  its  junction  with  San 
Timoteo  Creek,  waters  under  pressure  have  been  found  at  depths  of 
several  hundred  feet.     They  rise  practic^all}'  to  the  surface,  but  do  not 
flow,  or  flow  but  little.     These  waters  and  those  tapped  by  the  Single- 
ton wells  in  San  Timoteo  Canyon,  as  well  as  those  which  are  the 
sources  of  springs  in  the  short  northern  tributaries  of  the  latter,  are 
probabh'  all  supplied  from  the  underground  waters  gathered  in  the 
drainage  basin  of  the  upper  San  Timoteo  and  its  tributaries  and  per- 
colating along  the  lines  of  least  resistance  toward  Santa  Ana  River. 
The  Crafton  Hills  l)ed-rock  obstruction  and  the  northern  dip  of  the 
alluvium  south  of  this  obstruction  must  tend  to  concentmte  the  waters 
in  the  pervious  strata  in  a  relatively  narrow  zone  extending  from  a 
8h()rt  distance  south  of  Bicknell  station,  on  the  Southern  Pacific,  to  the 
vicinity  of  Redlands  Heights.     The  Redlands  wells  near  the  reservoir, 
and  the  Redlands  Heights  wells  farther  south,  iire  n't»>ird(Ml  jis  tii])ping 
tht'  princi|ml  underground  outlet  for  the  drainji<r<'  arrji  cast  of  Crafton 
Hills  and  west  of  B^Miuniont.      As  this  an*a  is  not    lar<re  and    the  pre- 
•  ipitation.  ox<-ept  on   that  very  small    portion   of   it   which    forms  a 
fwrt  of  the  slope  of   the  San   Bernardino   Uaiisrc,  is  sliu-ht,  {\\o  waters 
ftin  not  exist  in  great  volume,  and  so  will    not  l)ear  excessive  develop- 
ment.    Thus  far  they  seem  to  have  been   drawn  upon  modeiately  and 
with  excellent  judgment. 

As  has  Ikmmi  stilted  befon%  the  gravels  of  the  earlier  alluvium  are 
psirtially  consolidated.  They  seem,  on  the  whole,  to  he  less  pervious 
than  those  of  later  date,  and  are  therefore  somcnvhal  inferior  in  tnms- 
nii>sion  capacity.  B(»cause  of  these  two  conditions  limited  supply 
and  low  transmission  pow(*r  -no  wells  of  very  great  yield  have  bee?i 
ojH'ned  and  none  are  to  he  exp(M*ted. 

The  favorable  area  for  developnuMit  has  h(»en  pretty  well  outlined 
hy  the  wells  which  have  been  bored.  It  includes  th«»  Hat  valley  of  tlu* 
Vucaip4?  in  the  vicinity  of  L)unlaj)s  (PI.  X,  .1),  and  the  area  south  of 
it  to  the  Southern  Pacitic  at  Kl  Casco  and  for  a  short  distance  above. 
Westward  it  extends  to  b<iyond  Redlands  Heights,  which  it  underlies. 
Within   this  area  it  is  expected    that  wherever  porous  gravels   are 


70  HYDROLOGY    OF   SAN    BERNARDINO   VALLEY.  [»o.l4    ^ 

encoiinteivd  b^'  the  drill  a  fair  supply  of  water  will   l>e  found.     Th*^ 
deeper  waters  are  under  pressure,  and  where  the  well   is  started  at  t^ 
low  point,  as  in  the  F>ottom  of  one  of  the  deep  ari-oyos,  water  may  ris^^ 
nearly  to  the  surface.     In  wells  which  are  begun  on  high  gix>und  a^ 
heavy  lift  will  be  necessary.     While  porous  water-bearing  gravels  are  -■ 
usually  found  in  the  well  sections,  they  are  less  numerous  and  less 
ceitain  than  in  the  newer  gravels  of  the  valley  about  San  Bernardino. 
Fui'thermoi'e,  the  irregular  character  of  all  of  this  alluvial  material 
precludes  the  possibility  of  predicting  accurately  where  coarse  grav- 
els are  present  and  where  not.     Only  exploration  b}'^  the  drill  can 
determine  this  ])oint. 

RIVKKSIOE   BASIN. 

Just  north  of  Riverside,  in  the  liasin  of  Spring  Brook,  four  wells 
have  !)eeii  drilled  which  yield  flowing  water,  and  the  springs  by  which 
the  small  stream  is  fed  indicate  the  probable  extension  of  artesian  con- 
ditions beyond  the  area  determined  by  the  wells. 

A  mile  or  more  al>ove  the  Salt  I^ake  Bridge  at  Riverside  Nan-ows 
is  a  small  flowing  well  which  furnishes  water  for  domestic  purposes, 
and  other  artesian  wells  now  filled,  or  abandoned  for  other  reasons,  are 
reported  from  the  same  vicinity. 

At  Riverside  Narrows  Santa  Ana  River  enters  a  narrow  gorge  cut 
in  the  dioritic  bed  rock  of  the  region,  and  the  underground  waters  are 
forced  to  or  ne4ir  the  surface  as  they  approach  this  obstruction.  In 
consetiuence,  the  river  bed,  dry  for  some  miles  below  Slover  Moun- 
tain, here  ctirricvs  a  perennial  stre^im  of  respectable  proportions.  The 
ettVct  of  this  diorite  mass  is  similar  to  that  produced  by  the  ridge  of 
folded  clays  which  cross(^^  the  course*  of  the  Santa  Ana  alK>ve  C-olt^m 
anil  has  hetMi  discussed  as  the  Bunker  Hill  dike. 

The  riv(M-  wash  which  has  arcnnuihited  against  the  mass  is  saturated, 
it  contains  coarser  and  finer  material  in  alt(»rnating  strata,  and  as 
th\se,  deposited  by  the  rivcM*,  slope  in  the  dire(!tion  of  its  flow,  water 
entering  the  coarser  nu»ml)crs  at  a  higher  level  farther  up  the  stream 
is  to  be  found  under  pressure  at  a  lower  level  farther  down  the  stream. 
The  waters  of  the  Klliotta,  Stunsell,  and  Kvans  wells  above  Rivei-side 
probably  enter  the  gravels  soon  after  thev  have  passed  over  the  Bunker 
Hill  fold,  and  their  head  is  only  that  which  accunuilates  in  the  few 
intervening  miUvs.  There  is  little  doubt  that  the  water  percolates 
under  the  High  drove  and  Kast  Riverside*  mesas,  which  are  underlain 
by  river  alluvium,  (le])osited  at  a  time  wh(?n  the  Santa  Ana  or  one  of 
its  distributaries  flowed  through  this  lowland. 

These  gravels  about  Riverside  are  not  genemlly  as  coarse  as  those 
alK)ve  the  Bunker  Hill  dike,  since  they  are  farther  from  their  origin 
in  the  mountains;  hence  they  an*  somewhat  less  free  wattM-  bt>arers, 
although  excellent  in  this  resi)ect.     Flood  wat<»j's  have  access  to  them 
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driefly  thitNigfa  the  porous  wash  of  tJie  river  below  Bunker  Hill,  while 
the  basin  above  is  supplied  by  the  waters  absorbed  by  all  of  the  allur 
ml  fans  distributed  aloni^  the  base  of  the  San  Bernardino  Bang^ 

The  Riverside  basin  is  shallower  and  has  a  smaller  area  than  the 
kurge  basin  northeast  of  it,  but  it  has  not  yet  been  very  heavily  drawn 
upon,  and  it  is  benefited  by  the  return  waters  from  a  large  acreage 
about  Rialto  and  East  Riverside.  It  should  be  capable  of  supplying 
much  larger  drafts  than  have  as  yet  been  made  upon  it,  and  although 
the  waters  thus  developed  will  have  to  be  pumped  to  the  accessiUe 
lands,  and  so  will  prove  more  expensive  than  San  Bernardino  basin 
mters  now  are,  the  difference  in  cost  may  be  expected  to  lessen  as  the 
latter  waters  become  more  expensive,  so  that  it  may  soon  become 
financially  practicable  for  the  Riverside  irrigator  to  utilize  more  of 
these  near-by  waters  and  thus  reduce  the  great  drafts  upon  the  larger 
and  more  important  San  Bernardino  basin. 

The  city  of  Riverside  is  now  (1904)  installing  a  domestic  system 
which  will  utilize  a  part  of  these  waters.  They  are  to  be  pumped  to  a 
reservoir  on  Rubidoux  Hill  and  distributed  thence  to  the  city  mains. 
Thus  used  they  will  augment  the  supply  that  now  flows  by  gravity 
from  artesian  wells  in  the  San  Bernardino  basin. 

GROUKD  WATEB8. 

By  ground  waters  are  meant  subsurface  waters  outside  the  artesmn 
areas  (Pis.  VII  and  VIII),  which  therefore  are  not  found  under  suf- 
ficient preasure  to  flow  by  gmvity,  but  become  available  for  irrigation 
only  by  means  of  some  sort  of  pumping  device.  They  have  precisely 
the  same  origin  as  the  artesian  waters — i.  e.,  the  rainfall — and,  indeed, 
when  they  lie  above  the  artesian  basin,  may  later  become  artesian  by 
passing  beneath  an  impervious  cap  in  the  course  of  their  slow  fuovenient 
seaward  under  the  influence  of  gravity.  Below  and  outside  of  the  basin 
they  (constitute  the  normal  subsurface  zone  of  saturation,  whose  upper 
limit  slopes  genemlly  with  the  soil  surface,  hut  at  a  different  rate,  so 
that  where  the  fan  material  lies  hi^h  aiid  is  open  textured  it  may  be 
hundreds  of  feet  to  the  ground- water  level.  This  is  probably  true  in 
the  vicinity  of  Gmpeland  and  some  miles  southward.  Nearer  the  axis 
of  the  valley  these  waters  are  nearer  the  surface  and  are  drawn  upon 
more  or  less  freely  for  irrigation  and  for  domestic  purposes.  Their 
approximate  position  relative  to  the  surface,  where  data  enough  exist 
for  determination,  is  shown  on  PI.  VII  for  the  years  1900  and  1904. 

West  of  Lytle  Creek  the  water  lies  at  so  low  a  level  and  the  wells 
are  so  few  that  no  attempt  has  been  made  to  show  the  position  of  the 
water  plane,  data  being  entirely  insuffiieient  for  this  purpose. 

From  a  point  a  mile  or  more  below  Crafton  eastward  the  water  level 
seems  to  have  changed  but  little  during  the  last  few  years.  In  a  zone 
immediately  surrounding  the  artesian  basin,  however,  there  has  l>een 
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a  distinct  change  in  the  water  level,  a  decline  varying  in  amount  fromrl^ 
zero  at  the  edge  of  the  artesian  area  to  50  feet  in  extreme  cases  some^  W 
distance  liack. 

On  pages  57  and  58  are  given  tables  in  which  the  elevation  of  the  i  * 
water  plane  at  two  periods,  four  years  apart,  is  shown  for  a  numlter 
of  wells  distributed  widely  over  San  Bernardino  Valley. 
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Fig.  16.— Diagrammatic  cross  section  of  drained  prism  in  alluvial-fan  material. 

It  is  to  be  noted  that  the  earlier  and  the  present  elevations  of  the 
water  plane  are  approximately  equal  at  both  the  upper  and  the  lower 
edges  of  the  ground- water  zone — i.  e.,  the  past  and  the  present  planes 
of  satumtion  unite  near  the  artesian  limit  an(^  again  well  up  the  allu- 
vial fans,  their  most  marked  divergence  being  along  a  median  line  of 
the  zone,  a  cross  section  of  the  drained  pri.sm  being  thus  crescentic  in 
form  (fig.  16). 

TEMPERATURES. 

Waters  with  temperatures  nmch  above  the  normal  are  not  at  all 
unusual  in  San  Bernardino  Valley,  nor  in  other  parts  of  southern  Cali- 
fornia. The  region  in  general  is  not  one  of  recent  volcanic  activity, 
so  that,  in  the  majority  of  cases  at  least,  we  have  no  bodies  of  fresh 
intrusive  or  effusive  rock  to  appeal  to  as  a  source  of  heat.  On  the 
other  hand,  there  have  been  abundant  recent  dynamic  disturbances,  as 
is  proved  clearly  on  structural  grounds,  and  the  slight  earthquakes 
which  occur  from  time  to  time  suggest  that  minor  movements  may  be 
taking  place  almost  constantly  along  the  established  fault  lines.  The 
enormous  friction  from  these  movements  must  raise  the  earth  temper- 
atures very  notably  along  the  lines  of  disturbance,  and  the  fractured 
zones  adjacent  to  the  faults  must  sometimes  provide  easy  channels 
through  which  surface  waters  may  reach  greater  depths,  become 
heated,  and  rise  again  as  hot  springs,  or  through  which  ix)ck  waters 
with  the  temperatures  of  their  origin  may  escape  to  the  surface. 

If  we  consider  the  distribution  of  the  hot  springs  we  tind  that,  with 
a  few  unimportant  exceptions,  they  occur  along  these  definite  structural 
lines,  or  if  we  reverse  the  process  and  trace  the  major  fault  lines  we 
find  them  marked  in  many  instances  by  thermal  waters. 

The  most  extensive  and  important  group  of  hot  springs  is  that  which 
issues  from  crevices  in  the  gneissoid  bed  rock  at  the  south  base  of  the' 
San  Bernardino  liange  in  the  vicinity  of  East  Twin  Creek  Canyon. 
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gioup  of  these  in  known  as  ihe  Arrowhead  Springs, 
the  pecaliar  figure  of  a  gigantic  arrow  outlined  by  the  yegeta- 
on  the  mountain  side  above  them.  Numerous  springs  issue  here 
at  varioiis  temperatures,  the  highest  measured  by  the  writer  being 
VUP  F.  One-half  mile  farther  west  an  even  greater  volume  of  hot 
vater,  estimated  at  5  or  10  miner's  inches,  issues  from  a  number  of 
ipringa  that  flow  usually  from  the  bowldery  alluvium  along  the  lower 
coarse  of  Waterman  Canyon  (West  Twin  Creek),  but  occasionally 
directly  from  bed  rock.  Much  of  this  water  has  a  temperature  of 
UIOP  or  150^,  and  even  higher  as  it  first  issues.  A  small  group  of 
warm  springs  is  found  about  a  mile  east  of  Arrowhead  Peak,  and  in  the 
canyon  of  the  Santa  Ana,  2  miles  from  the  edge  of  the  mountains,  is 
another  conspicuous  warm  spring. 

The  line  of  disturbance  whose  western  -extension  is  marked  by  the 
Banker  Hill  fold  (PI.  XI)  is  even  more  definitely  outlined  by  a  series 
of  wells  and  springs  with  temperatures  above  the  normal.  Within  the 
San  Bernardino  basin  itself  a  temperature  of  72^  is  found  in  the  mixed 
waters  from  three  wells  pumped  into  one  distributing  pipe  near' the 
San  Bernardino  city  reservoir.  Another  well  whose  waters  have  a 
temperature  of  90^  has  be^n  bored  about  a  mile  northwest  of  Bunker 
Hill  and  just  north  of  the  dike.  The  latter  location  is  one  in  which 
■amerous  wells  of  abnormal  temperature  are  found.  The  ^*  Hobo^' 
well,  the  Urbita  well,  and  the  Topp  well,  all  near  Bunker  Hill,  have 
temperatures  varying  from  85^  to  105^.  Farther  eastward  a  group  of 
shallow  wells  belonging  to  the  Riverside  Water  Company,  and  dis- 
tributed along  the  north  bank  of  Santa  Ana  River,  just  east  of  £ 
sti-eet  extended,  liave  temperatures  of  71'^  to  73^,  although  less  than 
hfO  feet  deep  in  many  instances. 

Near  Loma  Linda  a  number  of  wells  of  the  (Ja^e  canal  system  dis- 
charge waters  at  temi>ei'atures  of  70^  to  75-,  but  in  these  cases  the 
depths  are  greater,  mngiiig  from  820  to  G^tl  feet.  Farther  east  and 
entirely  outside  the  territory  under  discussion  in  this  paper,  but  worthy 
of  mention  here  because  they  occur  along  the  same  structuml  line,  are 
the  Kden,  the  Relief,  and  the  Ritchie  hot  springs,  which  issue  from 
bed  rock  near  the  zone  of  structural  weakness. 

This  distribution  is  in  itself  strong  evidence  that  the  heat  which  is 
imparted  to  the  underground  waters  originates,  in  many  cases  at  least, 
in  the  zones  of  crustal  movement,  especially  the  faults,  which  are  a 
conspicuous  feature  of  the  geology  of  southern  California. 

Within  the  San  Bernardino  Valley  lowland,  temperatures,  except  as 
they  are  high  along  the  line  of  the  Bunker  Hill  dike,  have  a  mther 
erratic  distribution.  The  me^n  annual  atmospheric  temperature  of 
the  valley  is  about  62*^  F.,  and  the  ground  waters  and  the  w^aters  from 
the  majority  of  the  shallow  flowing  wells  have  the  normal  temperature 
of  62^'  to  64^;  but  at  Harlem  Springs  waters  originally  issued  at  vari- 
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OILS  temperatures  up  to  115^.    The  flowing  waters  of  the  Payne  well^ 
642  feet  deep,  situated  2  miles  south  of  San  Bernardino,  have  a  tern — 
perature  of  112^.    The  water  of  the  Urbita  Springs  well  has  a  tempera- 
ture of  102'^  to  105^,  and  other  wells  which  have  been  mentioned  near 
the  Bunker  Hill  dike  exhibit  temperatures  ranging  from  70^  to  90^. 

When  we  come  to  consider  temperature  gradients — i.  e.,  the  number 
of  feet  it  is  necessary  to  go  in  depth  for  each  degree  rise  in  tempera- 
ture from  the  normal  of  62"^  or  63^ — we  find  such  wide  extremes  as 
1°  in  3  feet  in  the  "  Hobo"  well,  No.  23,  San  Bernardino  quadrangle, 
and  1*^  in  114  feet  in  one  of  the  Riverside  Water  Company 's  deep  wells 
on  East  Third  street.  The  accompanying  table  of  depths  and  tem- 
peratures illustrates  the  wide  diversity,  both  in  temperatures  and  in 
temperature  gradients,  throughout  the  valley. 

TetnjHratureft  in  vtlh  in  San  liemardxno  VaNfy^  California, 
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r  in  vdU  m  San  Bernardino  VdOefff  Oif(/bntta--0(mtinii6d. 
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76 

The  results  can  not  be  accepted  rif^ridly,  because  in  some  cases  well 
taking  has  been  cut  at  several  points  and  the  waters  whose  tempera- 
tare  is  given  are  therefore  mixed  waters  from  undetermined  horizons. 
In  one  or  two  other  cases  the  yield  of  the  wells  is  small,  the  waters 
rne  but  slowly,  and  sensible  changes  may  therefore  have  taken  place 
in  their  passage  upward  to  the  surface  where  the  temperatures  were 
ineasure<1.  But  when  due  allowance  is  made  for  these  inaccumcies  a 
wide  variation  remains  to  be  accounted  for. 

The  alternate  undisturbed  beds  of  sand,  gravel,  and  clay  wliich  till 
this  valley  should  exhibit  a  tberinonietric  gmdient  which  is  lower  rather 
than  higher  than  the  normal  of  1  cb^gnM*  for  each  50  or  ()0  feet  increase 
in  depth,  which  has  !)een  establislied  l)v  o])servations  in  shafts  and  deep 
mines  in  consolidated  rock  in  various  parts  of  the  world.  A  lower  gra- 
dient is  to  be  expected,  because  this  alluvium  has  been  deposited  recently 
and  with  great  mpidity,  and  so  may  be  supposed  not  to  have  ac(|uired 
fully  the  normal  earth  temperature.  An  additional  reason  for  expectiiig 
low  tempemtures  is  its  porosity  and  the  consequent  f loc  circulatio^Af 
meteoric  waters,  which  tend  to  carry  the  mean  aniuuil  tempemture 
of  the  surface  to  depths.  The  low  gradients  exhi}>ited  by  the  new 
Antiil  tract  wells  of  the  city  of  San  I^rnardino  and  by  the  River- 
side Water  Company's  wells  Nos.  465  and  315,  gradients  of  88  to  114 
feet  per  degree,  seem  to  bear  out  this  hypothesis  of  relatively  low 
temperatures  at  modemte  depths,  due  to  lag  in  the  rise  of  earth  tem- 
peratures or  to  transfer  of  surface  temperatures  to  depth  through 
the  medium  of  circulating  waters.  Such  low  temperatures  are  to 
be  expected  under  the  conditions  which  prevail  in  this  basin,   but 
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where  higher  temperatures  are  found  special  explanations  seem  to  be 
required. 

Along  the  line  of  the  Bunker  Hill  disturbance  the  occurrence  of 
high  tem])eratui-es  is  fully  explained  by  the  known  geologic  i^ondit ions. 
This  ridge  represents  an  anticlinal  arch,  the  strata,  which  farther  north 
Oi'cur  at  greater  depths,  being  brought  near  to  the  surface  hei"e  by  the' 
fold.     Hence,  the  waters  percolating  along  the  porous  beds  at  deptltt.. 
near  the  center  of  the  valley  and  acquiring  the  temperatures  appro^',^ 
priate  to  those  depths  are  here  found  and  tapped  near  the  sui*face  as 
they  rise  toward  the  anticline  with  the  inclosing  strata. 

High  temperatures  found  near  the  center  of  the  basin,  as  in  the  case 
of  the  Payne  well  or  more  especially  the  group  at  Harlem  Springs, 
can  not  l)e  explained  in  this  way,  as  they  do  not  occur  in  connection 
with  anticlinal  structures.  There  are  two  or  three  possible  explana- 
tions for  the  presence  of  these  hot  waters,  but  sufficient  evidence  does 
not  exist  to  decide  between  them. 

Just  as  springs  in  the  artesian  basins  represent  leakage  to  the  sur- 
fac*e  through  the  impervious  cap  which  confines  the  watei's,  and  as  all 
the  water-bearing  horizons  in  the  alluvium  probably  are  imperfectly 
connected  by  leakage  from  one  horizon  to  another,  so  the  hot  wells'and 
springs  found  near  the  middle  of  the  valley  may  represent  similar 
leakage  from  near  the  bottom  of  the  basin  to  the  surface.  Again,  the 
occurrence  of  strong  springs  of  heated  waters  along  the  north  edge  of 
the  valley,  as  in  the  case  of  the  Arrowhead  group — waters  which  sink 
into  the  alluvium  and  are  re^Miforced  there  perhaps  by  other  flows  of 
hot  water  from  near  the  fault  line,  flows  which  pass  directly  from  the 
heated  rocks  of  the  faulted  zone  into  the  alluvium  without  dis<^harging 
upon  the  surface  at  all  at  once  suggests  that  it  may  be  these  heated 
wat(»j's  percolating  seaward  through  the  alluvium  along  rather  deflnite 
channc^ls  which  escape  as  springs  at  the  head  of  Warm  Creek,  or  are 
tapped  there  by  companitively  shallow  wells.  Of  these  two  hypothe- 
s(»s,  leakage*  from  near  the  bottom  of  the  basin  to  the  surface  and  per- 
colation of  hot  water  from  the  fault  zone  toward  the  center  of  the 
basin,  the  latter  set»ms  the  more  reasona})l(»  as  an  explanation  of  the 
llarlcMu  Springs  group,  while  the  former  is  favored  as  an  explanation 
of  the  temperature  of  waters  situat(»d  like  the  Payne  well,  compara- 
tiv(»ly  nt»ar  the  Bunker  Hill  dike,  which  forces  heated  deep  waters 
toward  the  surface. 

C  UEMICAL  CHAKACTKIl  OF  TlIK  WATERS. 

The  wat(»rs  of  the  San  Bernardino  artesian  basin  are  very  pure,  as 
the  subjoin(*d  analyses  will  show.  They  are,  in  efl'ect,  mountain  waters 
which  have  passed  for  a  few  miles  underground  through  sands  and 
gravels  whose  drainage  is  free,  so  that  they  have  had  little  opportunit3- 
to  dissolve  the  salts  (contained  in  the  resistant  minemls  of  the  rocks. 
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Hilgard  *  reconk  three  analyses,  two  from  groupii«iwelis 
Ghqge  canal  system  and  a  third  from  Warm  Creek,  at  te  mill. 

reeulte  sre  as  follows: 

I 

Anaiifaa  unwell  waUr,  San  Bernardino  VaiUy^  OnHfarnkL 
[In  paiti  per  100^000.] 


chloride  (common  salt) 

flddioin  snlpbate  (Glauber's  ialt) 

;  cmrbonate  (sal  soda,  black  alkali). 
I  aulphale — 

Total  aolnble  realdae 

Qalciiiiii  flolphate 

Oalciiim  carbonate 

ium  carbonate 


Total  insolnUe  reiidae . 
Total  sottda 


Gmie  Mjrstem  mrtarian 
well*. 


Group  D, 
No.  ft. 


0.63 

1.93 

1.02 

.60 


4.18 


10.17 
2.32 
2.44 

lOsi 


10.11 


Group  A, 
No.  2. 


Warm 
Greek. 


0.01 

3.13 

.21 


4.88 


.78 

12.12 

2.49 

2.99 


17.78 


22.66 


2.67 

6.82 

2.00 

.80 


11.19 


1.46 
7.62 
2.68 
3.24 


14.86 


26.04 


Dr.  A.  K*  Johnson,  of  San  Bernardino,  has  furnished  the  following 
analysis  of  waters  from  the  Lytle  Creek  group  of  wells,  which,  until 
itly,  f urnbhed  all  of  the  water  for  the  San  Bernardino  system. 


[Jamefl  A.  Shedd,  analyst.] 

Parttt  per  100.000. 

8odinm  eh  I  oride 1 .  75 

Odtnam  sulphate 1.71 

Gtldnin  carbonate 5. 56 

Ifagnesiam  carbonate 3. 62 

Iron  and  alumina 1.4 

Silica 3.75 


Total  Holids 1 7.  79 

The  following  partial  analysU  of  the  warm  water  (112  F.)  from 
the  Payne  well  is  from  the  California  Agricultunil  Experiment  Sta- 
tion, E.  W.  Hilgard,  director: 

Parts  per  100.000. 
Soluble  residue  (sodium  chloride,  sodium  sulphate,  sfMliiiin  (>ar>>onate,  |M)tas- 

aiam  sulphate) 1 2. 56 

Insoluble  residue: 

Calcium  sulphate,  calcium  carhonatCf  magnesium  carlK)nate,  silicii  (very 

small) 2L>.»3 

Organic  matter  and  chemically  combine<l  water 2. 37 

T6tal 37.86 


■  Hllgmrd,  E.W.,  SitbterranMn  water  supply  of  the  Saii  Bernardino  Valley:  Report  ot  irrigation 
inTeallgmUoiit  for  1901,  U.  S.  DepU  Agric,  p.  134. 
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All  of  these  vraters  are  in  constant  use  for  irrigation  or  for  domestic 
purpones,  and  the  small  proportion  of  salts,  particularly  of  the  harm- 
ful soluble  varieties,  makes  them  very  desirable  for  this  use. 

Professor  Hilgard  points  out  that  both  the  Ga^  canal  and  the 
Warm  C!)reek  waters  contain  percentages  of  the  fertilizing  potassium 
sulphate  which  are  unusual  in  ground  waters  and  amount  to  47  and  63 
pounds  per  acre,  respectively,  on  the  basis  of  a  duty  of  1  niiner^s 
inch  to  5  acres.  In  the  other  analyses  the  potash  was  not  separately 
determined. 

The  hot  wells  and  springs  of  the  valley  are  very  generally  utilized 
for  ))aths  or  medicimil  purposes  in  connection  with  health  resorts. 
Some  complete  and  partial  analyses  are  available  which  illustrate  their 
character. 

Mr.  F.  M.  Coulter,  of  IjOS  Angeles,  has  furnished  the  following 
analysis  of  water  from  one  of  the  Arrowhead  Springs: 

Analym  of  laiter  from  Arrowhead  Springs^  California, 

[K.  W.  HilKarrt,  analyHt.]  Partiiner 

Sodium  c'hlorhie  (common  salt ) 14. 148 

Smiium  8iil[>hato  (GIhuIkt^s  salt) 73.488 

PotasHium  sulphate 6. 922 

Calcium  sulphate* 2. 323 

Magnesium  sulphate 253 

Calcium  carbonate 2. 323 

Magnesium  carbonate 565 

Lithium Trace. 

Borine Trace. 

St  rontium Trai-e. 

.Silica S.  5.50 

Organic  matter , Traiv. 

Total  solids 108. 557 

Frei*  sulfihuretcd  hydrogen,  cubic  inch  per  gallon 622 

The  appended  luialysis,  also  made  under  Professor  Hilgard's  direc- 
tion, ilhistrates  the  character  of  the  wat^»r  from  the  Urbitu  Hot  Springs, 
near  San  Bernardino: 

Anobfi^iA  of  iratcr  from  Vrhita  Sjfrinqs,  (^alifornm.  Parts  pt*r 

100.000. 

Sodium  chloride 3.  2 

Scnlium  sulphate,  1 

Potassium  sulphate  (small  amount),  / 

S(xlium  carlMniate 7. 40 

Calcium  sulphate,  ^ 

Calcium  and  magnesium  carbonate,  / * 

Silica 1.0 

Chemically  combine<l  water,  etc 8.  (X) 

Total 41.5 


TABLES    OK    FLOW. 


An  old  unaly^Uof  the  Harlem  Springs  water,  accredited  to  ProfeHwor 
Wciod bridge,  of  Pasiidena,  shows  the  following  solidi^  pre.'^ent:  ^H 

Amilyms  of  wcU^r  frt^m  HftrUm  Springii,  Cali/oniia.  ^aaoSb^ 

chtoride -,-. .,..,„,...,,, -. 3- 89j 

«iiph*te.„„ .-. U.^ 

mn\  mil pbatf* *.-,., -._., .,..,.. ,,.,.-..  True©, 

ti  f&rbciiiate  .-^~ .- ,,,...-..- -,,.,,, 3.20 

nik^in  f^rbonate^  etC- * - -  -  4. 47  j 


Tolftt-..-. -.-. *..-.^ ~ - 29.07 

The  targe  proportion  of  the  laxative  iiiedieinal  nalt^  sodium  sutphat 
((.t|judier'»  salt),  in  all  thesa  hot  watei-s  is  worthy  of  uote. 

TAirT.E8  OP  TJA)W. 

Fitr  a  number  of  years  meaHurements  of  stream  flow  and  of  the 
lamunti^  of  water  carried  in  the  variou?*  canaLs  of  San  Bernardino  Val 
hy  have  been  made  by  the  United  Statew  Geological  Survey  and  b 
fenipneer^  *^ngaged  in  private  p  met  ice.     The  re  si  u  Its  have  been  pu 
Bibed  from  time  to  time  in  the  water-supply  papers  of  the  Hurvcy^j 
but  for  conveniens©  of  i^eferenee  those  whirh  are  of  greatest  impor 
tRnre  to  water  users  in  the  valley  are  assembled  in  the  tables  that 
follow: 

MILL   CREEK. 


Di»^ar^  wenmtrott^ils  of  MtU  Crfrk  ui  hettdmith  of  Crajton  emmit  ■**»  Herfmrdt 


I 


Uir4ro«r^pber- 


Blutihjuvt. 


inly  29,  1H96 

Ipdt  12»  1*^- 

A(>ril20,  1H98- 

Jttne  12,  1898 

Jaly  23,  180«....... 

October  IS,  )898_,, 
5ovmiber9,  lft98.. 
Det-emberS.  1S9S._ 
JinuHTy  V2,  1899.. _ 
F*hmttr>^  18,  1899  - . 

MMnrh  2:^  1899 

May  «,  IH99. 

May  :tl,  J899.. 

Inn^  15,  IK99...... 

leJy  h\l^& 


iL  H.  Qtniilon... 
J.  B*  Lippincott, 
ilo 


-do. 
.do- 


F.  tLOhn&ted, 
.....do,-..-... 

do* 

S-  (t.  Bennett . 
do....-.-. 


-do. 
.do. 
-do. 
.ilo. 


t4.  2 

15.7 
18.9 
18.1 
U.8 
13,1 
15,  S 
15.2 
12.6 
10.8 
10.4 
15.6 
14.6 
11. rt 
8,8 
T.4 
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Dificharge  meatmremeni*  of  MiU  Creek  at  headworkB  of  OrafUm  canal,  ete. — Continued...— 


Date. 


Hydrogmpber. 


8.  G.  Bennett 

do 

do 

do 

do 

do 

do 

do 

W.  W.  Cocking,  jr. 

S.  G.  Bennett 

do 

do 

do 

do 

do 


July  27,  1899 

August  24,  1899 

August  24,  1899 

April  14,  1900 

May  5, 1900 , 

May  5,  1900 

July  13, 1900 

July  13,  1900 

October  2, 1900 

March  30,  1901 

July  6, 1901 

Decembers,  1901 

Aprils,  1902 

Aprils,  1902 

May  31,1902 

July  10,  1902 ! do 

September  3,  1902 !  W.  B.  Clapp 

Novembers,  1902 |  S.  G.  Bennett 

April  1,  1903 j  W.  B.  Clapp 

April  24,  190;^ I  W.  B.  Clapp  ami  J.  C.  Clausen . 

May  16,  1903 1  W.  B.  Clapp 

June  9,  1903 | do 

July  1,  1903 , do 

Septeml)er  1,  1903 do 


March  22,  1904 1  W.  B.  Clapp  and  K.  C.  Murphy 

September  21,  1904 i  \V.  B.  Clapp 

November  11,  1904 |  E.  C.  La  Rue 


DiHcharre. 

Secand'/eeL 

4.30 
«5.7' 
*1.5 
10.8 
a39.0 

«5.4 
*3.4 

20.0 
23.3 
14.5 
16.7 
05.4 
19.2 
10.8 
5.S 
12.3 
1,280 
39 
68 
46 
29 
22 

17.6 
14.1 
11.2 


« III  (.'reek. 
b  Pumped. 


c-Caiml. 

dOl  which  1.35  second-feel  is  pumped. 


Ipii^T  ^TABLES   oP   FLOW, 

L 


KANTA    AKA    KIVER 


e20,  189ft, 

tl8.  1885 

^IhtZI,  1896. 

6,  im! ....... 

rt«,18&7 

mbtir?IO,  imi. 
nW  H,  1S97  . 

Jl,  IS^-...-. 
fi9,  !«»»...-.. 
12,  1898 

3,  1«9«  ...... 

ei^  IS,  IHfm  -_- 
n^ier^,  1898  _ 
iln^rH,  l«i*8  .. 
ry  12,  1«99,,. 
ary  18.  I8fm.. 
I  23,  imi 

4,  IIW  ....... 


15.  im*9, 

7.  inm.. 


14,  1900 

S1900 

3,  iflOO...,:-. 

ot>er2fl,  19CMJ. 
raher  22,  1900 . 
ary  5»  U>01  -.. 
ary  23,  1901.. 
.4,  1901. 


Hf^fimfmph^, 


J.  B.  LlppinctjU. 
J.  H.  Quinton . . . 
J>  B,  Llppincott. 
>,*-. do  *._*.***.. 

....do..». 

.-,.do .,... 

A.  Q.  Campbell  . 

..-.do.„ 

do.._„„„ 

do .,. 

..-., do. --.„„„ 

....do 

A.  H,  Crowe 

J.  B.  LippiiicoU. 

do.-, 

.-.-do.. 

do---.....-. 

do* ... ... 

F.  11.  OluiHteii  -- 

.do^  ^.. ..*... 

do 

S.  (I.  Beimett ... 

do.. ,.. 

do..., , 

do,,, 

do. ......... 

,  .-..do ...... 

do.-.. 


T 


Ao. 


..do. 
..ilo. 
..do. 
,.do. 

..do. 

.  -do. 

,.do. 
..do. 


DLaduuxt. 


H€.oa 

74.70 
35.  Ifl 
47,58 
105.70 
82,74 
BO.  79 
71,87 

74.  fie* 

115,4^ 

47. 21 
34, 2« 

m.m 

39.  28 
42,33 
38.00 
47.56 
3fl.07 

mi  70 

21.7ft 
:M.74 

3a.ao 

32.04 

37. 22 
29.24 
22.  10 
19.  HO 
25.00 
23.55 
10.86 
22.66 
24.40 
22.30 

102.00 
f»15.64 
101.00 
HO.  00 
102.00 


IBM  142—05 6 


aCalrulated. 
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Discharge  meofuremcnU  of  Santa  Ana  River  and  canal  at  Warm  Springy  etc. — Continued 


Date. 

March  30,  1901 

July  6,  1901 

August  20,  1901 

Octobers,  1901 

April  5,  1902 

May  31,1902 

July  10,  1902 

September  3,  1902.. 
November  5,  1902.. 
February  6,  1903 . . . 

April  1,  1903 

April  2,  1903 

April  3,  19aS 

April  24,  1903 

May  16,  1903 

June  30,  1903 

August  31,  1903.... 
November  24,  1903 . 
January  29,  1904... 

March  4,  1904 

March  12,  1904 

March  22,  1904 

April  20,  1904 


Hydrographer. 


8.  G.  Bennett 

do 

do 

do 

. . ,.  .<lo 

do 

do 

W.  B.  Clapp 

8.  i\.  Bennett 

VV.  B.  Clapp 

do 

do 

do 

W.  B.  Clapp  and  J.  C.  Clausen. 

W.  B.  Clapp 

do 

do 

do 

do 

do r... 

....do 

W.  B.  Clapp  anrl  E.  C.  Murphy 
W.  B.  Clai>p.- 


April  21,  1904 do. 

May  14,  1904 do. 

May  28,  1904 do. 

June  29,  1904 <lo. 

SeptcnilH^r  21,  1904 do. 

November  11,  1904 «lo. 


Dischar^ 


Secfmd-feel. 

44.6) 

39.31 

30.7) 

45.21 

55.21 

29.  a 

23.61 

24.2 

18.01 

40 

4,906 

1,068 

565 

132 

95 

56 

41 

26 

26 

33 

43 

39 

68 

59 

36 

39 

46 

58 

19 


TAflLES  OF  FLOW. 
PLUNGE  CEEEK. 


mmmj^fmeni^  of  Phmge  Creek  al  the  hm^dti^ork*  in  the  ctiTi^vtm,  San  BfTTmrdinn 
Cbitfdy,  Col. 


DaIc. 


ime}2^  IftBS 

March  25,  isee...... 

April  7.  1!M)2...- 


BydroFCTapher^ 


...,r1o. ,._____. _-_-„.. 

aU*  Bt*ant^U--„  — - 

,-.Aq ------ 

—-do ,-„.„-„.. 

.„-do-- 

SfpU-nibcT  4,  1902-, ---..■  W.  B,  Ckpp - 

ApriJ23,  im^ - i  W.  B.  ClappanflJ.  C.  Clausen . 

Mmy  it,  1903.-. .-.!  \\\  B.  Clajip- .-, 

gppie^mtier  11,  1903,  _.-.., do,<. 

Bi^terobpr  21,  1904 do,.-., ,,. 


Di^hATg^ 


l^t!tmd*feeL 

10/90 
.50 
.34 

12.40 

23.00 
a  00 

Am 


CTTY  CBEEK. 


i*  of  (Mii  tVwi  al  mmdtt  of  mnyoji,  &im  Bernardino  Owtn/*/,  CoL 


Hydtngmjilier. 


Dl!icliiii;g«, 


Jtt»eH,lSm< .-.-..-'  J.  B.  LippinmU. 

S$^tember9,  1H5W4....,,, do..- 

M«n:li  25,  18&9 , . , , S.  U.  HeniiL^tl 

Aiigapt25,  1899 ' do 

JnW  12,  l\*m. ,.„ao, _. 


OrtoU'r  UmKI _. 

April  7,  1902.. --- 

Sept^mlM?r4,  1902_.. 

Apnl23,  im):i --. 

M«y  17,  lt>03 . 

September  Ih  1903 do 

S^tember  212,  1904. '- do 


W,  \\\  Coikiin'^  jr. - . _ - 

B.U,  Benni^U 

W.B,Clapp.. ,.,,...-.- 

W.  B.  Cbpp  and  J.  ('.  C.laueeiu 
W,  B.Clapp..- 


s.  mi 

.07 
RflO 
,17 
.16 
.21 
IS,  5 

2:;.uo 

11.2 
.5 


i 


84 


HYDROLOGY   OF   SAN   BEBNABDIVO   VALLEY. 


[NO.  142. 


EAST  TWIN  GREEK. 
Discharge  meamremerUtt  of  East  Twin  Creek  in  canyon,  San  Bernardino  Oouniy,  OaL 


Date. 


June  11, 1898 

September  9,  1898. . 

March  24,  1899 

August  25,  1899 

July  12,  1900 

October  1, 1900 

April  4,  1902 

September  4,  1902.. 

April  23,  1903 

May  17,  1903 

September  11,  1903. 
September  22,  1904. 


Hydrographer. 


J.  B.  Lippincott 

do 

S.G.Bennett 

do 

do 

W.  W.  Cookins,  jr 

S.  G .  Ben  nett 

W.B.Clapp 

W.  B.  Clapp  and  J.  C.  Claugien. 

W.  B.Clapp 

do 

do 


Dischaifre. 


Seeand'feeL 

2.06 
.73 

4.38 
.74 
.77 
.57 

4.9 

.4 

10.0 

4.8 
.4 
.6 


WEST  TWIN   CREEK. 


Discharge  measurements  of  West  Twin  Creek  in  Waterman  Canyon,  San  Bernardino 

County^  CaL 


Date. 


Hydrographer. 


Junell,  189S J.  B.  Lippincott 

SeptemlKTl),  1898 do 

March  21,  IWm S.  (i.  Bennett 

August  21,  1899 do  . . . .- 

July  12,  1900 do 

October  1,  1900 W.  W.  Cockins,  jr 

April  4,  1<K)2 8.  (i.  Bennett 

SeptemlxT4,  1902 W.  B.  Clapp ... 

April  23,  1903 W.  B.  Clapp  and  J.  C.  Clausen 

May  18,  1903 ,  W.  B.  Clapp 

September  1 1 ,  1903 do 

September  21,  1904 \ do 


Diachaixe. 

Serond-ferl. 

2.14 
.38 

3.00 
.20 
.  22 
.16 

3.20 
.13 

8.0 

4.4 

.;« 

.40 


■Xi^IVRJi^) 


LVTLR   C'RKKK. 

Ttie  following  raeasurenieiifs  were  niadc^  by  A*  II*  Koebig  and  (i*  ()* 
Newtimii  ill  connection  with  iHiiit^  in  which  the  tUlt'  to  the  water  .supply 
nf  lh\?i  creek  v\B^  involved: 

lMa:kmg>t  m<:ujmraHaU^  of  h^tk  tYo'k  at  mouth  of  raft^ou,  8an  Htrmirdinu  iktuni^,  ihl. 


D«be. 


iiine:i,  ]m2 

«cpc«tibifr  Mh  mn 

I(*vvmlkfe^r21,  1H!i2. 
Smrttmlittr  27.  1H92. 

9epbsnil«r  IH,  imi 

Jun*-  «.  mm 

JtineH,  1«94 

July  UK  im4 

July  U,  ISIrt.-.-.. 


18.70 
22.04 
20.64 

4fl,20 
49.20 
46.34 
45.^ 

15.50 
LI  22 
13.22 


mm. 


August  1ft,  I8i*4  ... 
AtigiM25,  1894... 
Octol>Pr3, 1»IM.... 
September  2,  181*5. 
BepK^mbt^rSn,  Iftflli 

MaiH-h:i,  lH9fi 

ApriU:!.  lyWJ 

April  24,  1896 . 

April  25,  lH9ft_._ 
May  3.  189»L.„„, 
May  4,  imMi__._ 
May  10. 18im„__ 

Maya^lHfltk 

May  26,  J«im„„„ 


]|[«cti«i«teu  J 

1L44 
12.  H*2 

40.78 
ia08 
19, 14 
1S,«0 
2t1,  52 
lS,fi2 
I7,2li 

iai6 

12,84 


Tb**  following  tiunts  tiro  men  ts  were  made  by  the  United  Stattv^s  Geo- 
l<>tfi*'al  Survey: 


Hydnjf^mphtr. 


I>t*eliftive. 


July  24,  1896 J.  H.  Quinton 

June  10,  1898 J.  H.  Lippincott . . . 

Augu«t27,  1898 F.  H.  Olmsted  .  ... 

AugUHt  29,  1899 S.  (J.  Bennett 

Junes,  1900 do 

September  29,  1900 W.  W.  (^ockins,  jr. 

April  4,  1902 8.  G.  Bennett 

September  5,  1902 W.  B.  Clapp 

April  1,  1903 

April  22,  1903 


do 


W.  B.  (Mapp  and  J.  C.  Clausen . 


May  19,  190:^ W.  B.  Clapp 

July  2,  1903 tlo 

September  12,  1903 do 

September  22,  1904 do 


MCofiil/ttl. 

15.  7 
10.7 
10.0 
12.5 

6.2 

4.6 
19.9 

5.0 
1,790.0 
63.0 
29.5 
16.5 
14.7 

9.2 


'•^ 


H21*  1#*-T      *    ••Ay 


TAIXKT. 


/AM  , 


-     '-M*  •♦   1/^ 


I    "^ikiiiMrn. 


-I-     -^■.«      .*.»--    .  ;ni-      xut 


.^nw    -Mvc   ^■■^  ^JJJ"  m9^ 


...      !>.«•    **^       ^H  * 

'■:,     I  41      I  !»•     I.  all     1 B     L  £      .•»     .if      .  ^  '' 
h:     :.  It     L^    !•»    1^2^       »    4^«     .• 

« 'li»  ,* 

V.    It.    -»    L*    ic-    •«>►    •»  isi    ^|f    ; 


*i-    :<v    ^K    L*    S.M    LSS    xxr    IL»  <^ 


,       I     :s-    :»    :3it    :»    :* « 

i:* 


34  «ft. 


JLJ    r..   3»    J_JSr'<ia  aiLXT  J».«  ^.!«  SI.9I 


^>       .«•      «ll 


...      1.7>     I.« 

...     .a 


l.M 


J* 

.;M 

.3S 

Stf 

.«S 

..iO 

*1 

...*• 

4.00 

\ 

o 

. «) 

- 

:.w 

.A>       .i^» 

.r- 

..=* 

'" 

:4.'>  ! 

Ivli.i   12.  < 

.91 

I.IK      1.14      I.IJ 


1-     .  ,    . 

11  ^... 

..  ■  -i 

1'...,   . 

'  .    1    ■     ' 
i-      If  .'1  . 

II  •  f 

..  I.'l 

/ 

'  '.        -..I.I.I 

'.  r., 

»•  )  . '  f    ;  'J .     • It., 

•  t  j'liif  r<.ii.|.    '.  i, 

I'  I      .1     J. I.     V.  ..  »i   r    «    .. 
'li-'fi.'    (' i.     -"     '. 

I'J    I  r.  I'll    SSiil'  r  <  li    'mill 
Miiif.<  I 

Itiv  rl'li   \\.ir.  I  I  II   Miiili 
|iiiiri|ii 

MIVI  irhli    \\,.|.  If   ..  l|U\i  I 
iMIi  li  l'tilii|.  '.••    I  I 

KlVi'lrllll    Willi  I  ('■•  I  Kill  I 

iHli  h  riiiii|i  Nil  -.'i 


■'       .  'I.       '   >       I  ...I 
•  '.I      i  i.l      1  •». 

»"       111       I    /.       2  <•- 


•I  M 

11  -I 


l.W 

1.46 

l.W 

VVK 

:.«» 

4.IIK 

.TV 

.!.y» 

I  I  •-».«»      l.Ttij 

■.VI      ;   -A*      '.!  /Hi      J.iiT      IMT        .IM        ..VI        .Wl      2.IW, 


1   ''I       '  *•»     '"i  I   V"/       1  *u     Ml,  l.HJ^      I..V2      I. -J).. 


l.:«j 
5.47 


.UU 
1.S8 
4.W 
4.22 


'« riiiii|»^  mil  run. 


''**^3  LIST   OF    WKLLB.  ^^^^^  87 


im%. 

inm. 

190& 

47.  »7 
tits 

Auff. 

ana 
Bept, 

ISUH. 

1W4. 

^n(dlWi, 

Juae. 

Sept. 

1 
Junv.  AoG. 

1 
Eg  f2   A!>  (U 

June. 
55LW 

Sept. 
61.95 

Atig. 

^W«teCto,  (UfH 

&B.04 

66.90 
4.44 

42.40 

SS.13 

^Bipin^ptint— _ 

"'ItbTr-o.,. 

-< 

,30'       )^ 

'i^Jdik-Ji...^.,. 

3L»^'    zm 

±23 

1.13 

.77 
.4GE 

»«0 

.SI 

.40 
I*  TO 

.1« 
.»6 

fi.M 
.00 

Utob \... 

.43 
L61 

tU 

.47 

OnCa 

5k  315 

Utch .,. 

1      .tt 

.91 
,31 

.47 

.3S 
.2K 

.01 

.IS 

.OQ 

.00 
,00 

(Jlicb 

iruwt  jirt«si*Q 

.33 

' 

144.  m 

1S1.40 

117.41 

im^il 

m.9l 

"*'** 

L.....„_ 

U&li 

14A.4I 

1^11 

tlO.  14 

liK.Al 

15A.S£^ 

127  fl0 

tilST  OF  WKLUS. 

ftter*Supply  Paper  No,  <jO,  Mi%  J*  li*  Lippiricott  piihlislu^d  lists 
uoj&t  iiiiportHtit  of  tho  wells  in  the  lledlandi^  and  San  Bernar- 
Adiiitigles.  Tht?  edition  of  thi.s  paper  wa*s  exbaiiJ^tyed  800ti  aftc»r 
j;  therefore  tlie  Hiitc*  are  here  repuhlishetl.  No  attempt  han 
ade  to  revolt  all  wells  or  to  j^ecui'e  complete  revisL*d  dala 
r  levels  and  yield,  and  such  t^  vide  nee  as  ha^  been  secured  on 
of  the8e  points  appears  in  PI.  VII  and  iu  the  table.**  on  ptgi^s 
iH,  The  data,  t!ii'n'fnn\  as  they  are  pubH^hed  here,  reprcHent 
•ns  JSLS  thej^  existed  in  1900. 
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CANALS  ABOVE  GOLTON. 
Coinparatit^  amounts  of  mit^^  in  heeand-feety  flotving  in  candh  abore  ColUm. 
[K.  8Anbf>m,  obsen'er.] 
18W.        I 


Name  of  ditch. 


Bamhill  pumping  plant.. 

Beam  ditch 

Bloomington  pumpH 

Brown  tract— arteNian 
well 

Camp  Carlton  diu*h 

C^arr  pumping  plant 

City  of  Colton  (total  all 
pumpH) 

City  of  San  Bernardino. . . 

Colton  Terrace  Water  Co. . 


June.  I  Sept.   Mar.  Junt-. 


Cooley  tract — artCHian 
wells 

Daly  ditch 

Uiige  canal: 

Divernion 

Palm  avenue 


Gamer  tract— arteui an 
well 


Haws  A  Talmage  dit(*h. . . 

Hunter  pumping  plant... 

Hurd  tract- artcMian 
wells 


John Hon  &  Hubbard 
(pumping  plant) 

I^mb  pumping  plant 

LaWMin  Well  Co 


vm. 


0.67 


0.  tift;    0. 72     0.  :V1 
5.49    (CI)    I    6. 


.61;    1.20    2.13    Lea 


6.82     7.40     3.20     5. 4U 

I 

1.97     1.61     1.69     l.yo 


.<W       .67       .71        .A1 

l.ir.|     1.16'       .72       -'J4 
26.26,  25.07   26.68   25.22 


26.26,  2.* 


.00 


Aug, 


1900. 


Mar. 


June* 


A.  40 


O.da     Q,SQ     U. 


!t.U&     £.80     t,m     ».2» 


.02     X&^    zeoj    l-fT]    1.70     2.20{    2.60     2.00 

...I      .72 


Lao 


.00 


4.»4 


.Ti 


.:i9 
2hm 


X 


.«w    1.(51    i.i:> 


..'>4,     L.26 


i<<>|Jt- 


I  Aug. 
Sept./  ana 
1902.  Sept., 

'  190S. 

I 


Mar; 

ana  ,  Aug. 
June. 


3.31 
LM 


1J2 


2L2 


3,64 


0.80 

0.221      .08 
.0(>    8.82 


.11 


3.63'    3.17 
l.C*... 


0.85  0.77 
.02j  .00 
.00     6.61 


M 


.00 


.IT      .00    .. 
17. m  30.17  30.  *2 


00       .00' 


.  w, 


,ao 


8.00,     2.06 

2.69     2.81 

.34       .34 


2.70;. 


1.79 
.59, 


27.  «0 


.00?. 


1.54 


.39 
.25 
.50 


UigMdon  &  Furrrll  dil<*h.. 

Lytle    Creek   Wuter   an<l  I 
Impn)vement  Co I ' 4.00 

Melntyre  ditch 37       .0^,       .82       .15       .iK)       .14       .01        .00       .*n.\ I ' 

McKenzie  ditch 2.r>i     2.V,S     9.40     3.86     2.00     '2.'M)     1.57     1.69       .^1       .00       .67j       .58 

McekM  &  Daly  ditch '     S.  42    17.(H)    17.(H)    15..|.h    10.15    13.94    13. 7h    14.68    13.  Hi    12.87    16.30    16.75 


Mcrryflcld  pumping  phint . 

Mount  VtTUon  Wntrr  Co. . 

Orange  Land  aiul  Water 
Co 


.1. 


.  90|       .  IM) 
9l|       .91 


;.o7     '_'.:i«i     i.Ti 


.OS      1.14 


i.»;j     i.r,4     i.(Ki 


.Ji 


KalM'l  Dam  ditch .'».  3' 

Kani-hcro  pumping  plant.  1.7^ 
KivcrNide       Highlands 

Water  ('«»  (LytlrCrrt'k).  1.40     4.  »3|     1.25     2.0^     2.  OO,     r..  .^/J 

Riverside  Highlands 
Water  Co.  (Santa  .\na 
Kiver)  


.  :i:>      .  (►7 
.  .V)      1 .  Xi 


.00 . 

2.2Xj 


1.09      1.46 
h.  98      7.  92 


1 


Ri  verside  Water  (\». 
(Flume  I'ump  .\<».  1  1 

Ri  verside  Water  ('.>. 
( Flume  Pump  Ni).  2» 

Riverside  Water  (\).  uuill 
Hume)  

Riverside  Water  Co.  (  mill 
pump) 

RiverMideWaterC<».(  River 
Ditch  Pump  .No.  li 

Riverside  Water C(K(  River 
Dlt4'h  inimpNo.  2) 


5.03, 
I  ;l  2.63 


3.12      3.311      .').;50      7. 
l.'.M      2.(M'     cm  I. 


.:(•"■ 


9 

6 

(K)  2. 6S 
1.32 
5.47 

8«; 


I  5.. 
5.79 
I  3.! 


1.12 


1.30 
2.00 

6.K5 


.00 

i.:w 

4.92 
4.22 


"  Pump«»  uot  run. 


*«*»*]  UHT   OF    WELLS- 

w  mfntmnkB  qf^saiet^  in  ieeond-fiiU  Jioiving  in  mnalM  abom 


Xa.dk  of  illU'li. 


Jime. 


1). .-.„„, ...... 


f  Wfit^rC^ci 

npdltcli- ..*..... 

I  A  W«f  ren  ditch . . . . . 
fUTefwide   350^ii]cb 

tdit^b 

tt^iUock  ditcb 

»*IU.,* 


Toi*I- 


i»yi. 


Bepl. 


^w 


2.90 


61.M 


It* 


l.OOJ    1.02       .«3^ 
2.32     !»!£     %W 


.u 


14  fir. 


J  lint*.   Aii«. 


00.  (la 


.77      .w 
1.M 


.1«       /J^      .01 
.47 


114.  «B  146.4411312. 11 


imi4 


1900. 


Mar, 


fll,fM 


Jun*?,  B«?pt. 


.5] 
.TO 


L13 


im.ie 


53.  H4 


*4d, 
U70 


.IS 

.00 


117.41 


^1.02 


i2&.ei 


June. 


4L«7  S&.9Q 
4.m    4.44 


.saj     .4^     .&!' 

l.« 


.00 


iao.:M 


2.41 


4^.40 


m    .ao 

47 


«.E« 


155.35,1:29.^ 


5.36 


m.« 


J^I8T  OF   WKLLH, 

Id  Water-Supplv  Paper  No.  60,  Mi\  J,  B»  Lippincott  puljlkhed  Hats 
'  rf  the  nio.si  inipoitiint  of  tbt^  wt^lb  in  the  RedUindw  and  San  lien  tar- 
dioo  t|itadraDgles.  Tht*  editioji  uf  this  paper  wu8  exbaiisted  soon  wft^r 
,  lU  is«tue;  therefore  the  lkt8  are  here  repubjirthed*  No  attetupt  baa 
Wn  miule  to  rev  bit  all  wells  or  to  secure  complete  revipsed  data 
wn  water  levels  and  yield,  and  isiieb  evidence  as  ha^  been  fttecured  on 
the  first  of  these  points  apj^ear^  in  PL  VII  und  in  the  tiibles  on  {lages 
jT  and  5S.  The  data,  therefore,  aw  they  are  published  here,  repre^^ent 
ccjndiiii>ii&»  ^s  thej"  existed  id  ItJOU^ 
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[IKkUZ 


1-2 

p! 

ill 

V  i>  o 
Si:; 

11^::: 


g-co. 


III 


o 


IB^l 


^^ 


o 


6 


iS 


v>      C      *=>      fc 

Q  ^   O  ^ 


§§§ 


3  S 


o    g 

—     3 

09   a 


§1 


^  "C    ^    _    _ 

"O    "O    3     C    "C    "O    "O 

•   =   a  — 


I'l 


!  ,^  a  s  s  8  R  s 

6,     -     rH     -. 


§§i 


Si? 


5  s 


S  8  S 


§  £  c 
S  ;3  < 


$  8 


2  S  S  S  S    :  51  8 


5        w*'©    '-' 


^     ri    ^ 


c«   c<   r-t   e«   CI   •-«   «-• 


rl  r-lr-)t-lC4C«CIC«C<IOI 


i§§  igi§sii§ 


CMCCeOC^C^'^'NC^r-t 


c*   .-■       -^ 


d     CI     C4     d     C4     C^ 


«  II -i: 


Ill's 


^£1 


III 


^1 


5  a 


^  ^  S  ^ 
>.  >,  <6    >' 

^       ^        I-O       ^ 


^  ^  2  o 

o  a  C  •- 

•?  -5  o  -;. 

-N  d  >.  ^ 


III 
-  ^,  -. 

3     =     CS  COSSSOQC 


H   H 


:h  h 


EC 

O 


IiaM  JO  OK 


111 


H   H 


ill 


fi  ^    ?1   ^   ^ 


do   'X 


d     M     C^     CS     t-l 

o:  oi  a:  o:  o: 


^  H  H  H  H 

i^  xl  z{  ?i  2 

w"  z^  c  c  c 

Zy  Z/  V  ^  V 

X  Oi  'X;  x  X 


CO     C^l     CO     CI 

cf'  cd  sd  od 

X     -/    X    CO 


H  H  H  H 

^  .  .  . 

O)  i;  5  O 

Z  x  x  cc 


rJ    C4    T-     -r    T;    T3    ^ 


i:   i'     ■     •     ■ 

?3  'J  «  J  J 


.2^  u  5  Z:  ^ 

p  u  ^  X  .  ^ 

J  a^  Sf  ^'  K  »^ 

H  &;  u  EC  j; 


^1  i 

QJ     Q     U 

-  ay  CO 
5  w  ^< 


C  5 


r-tdeo«riO«oi^ao 


O     r-t     C^     CO 


2  2  a  ?3  gJ 


6 
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I  H^ 


8  SS  S  ^ 
BBS" 


I- 1 


SSg§ 


ae   § 


ai  g 


g  3  $!  i  S     3  § 


ll§     i« 


SSI    |s 


I  S 

&  as 

p.  a 

B  B 


33  ^ 


SS       S   §     ji5§-5i     »5*2     « 


U     £^ 


SSSgS     §88 


Si^glS    S» 


g  s    g  m  ^,  ?  i  t  s  i  s  s  3?  i  g  I  g.  a  i  i  §  i  ^ 
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11 


I*     11*1     fl  s_l   1*1   I  rs 

i  I  i  S  §     3/ 


9 


1 


^  C  ^    •<: 
>  S  u  ki 


mi 


^8    s  s 
1.1  _■_ 

;  i§ 


I  £1 


a 


si. 

3  8  "5  85    8    8S| 


:  t 

:  A 


I     1  8?? 


o   o 


I 

9 


I 


^•5    5 


<  X  }^ 


^  V,    -    "H  "o  •§ 
s   c      c      a 


8  i 


s  § 


ii 


§ 


a 


!  I 


I    ssssisgssf     issjtggjgs 


§gSg    iiiii   §   21 


S   I     s   Sj 


S;     rS  r^    rA    r-T    ^  rA    «     r^'    ^    rA        ^'        -.'    ^^    rA  r^    ^    r4         ^'  ^        rA    ^ 


5  SaJ-d 


^  -C  -c  rz 

-tin 


.  ^  f  t  ^- 

C     X     c     C     s 


Si   c    Si*   c    c   « 
;?  S  ^  4  5  ;? 


11 


s 

^ 

A  ss 

X 

O;    :/- 

i 

H 

H   H 

^ 

55  55 

•J. 

iff 


S    ifi   3^   ffi   X 


•c  «^  "c  -c  •9  "o'  "^  T 


I 


55  f5  ^  ^      ^  ?1 


5     ^  ^   = 


«    cc    to 

a:  oi  aj 


\r^    \r    ^ 

^'  §§  «'    ^ 


'S 
O 


=    -III    =5= Hi 


'-3  g  = 


r  t:  3 

3     3    w- 


K     :^  :i 
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AUsorptlou  or  flocKl  watem,  rate  of_  JiO.  51 

Alfcjtll  hinds,  caiiiw  of,  bf  rteaagii^-  4T 
AUavlal    etini^s    tii    ti^JiD    Bernardino 

V'all^j     3« 

Alluvlul    fan    neat    KenwcKHl*    plate 

fllmwlng   --, 34 

section   (»f .-. 36 

abowlDji*  drained  [irlam^ 12 

AlltrviaL    funs,    artevliin    coodlttona 

of    . r>u 

chafaeter  of  aoll*  Id^ 21 

furmutUjn   of fi»Vil8j  44 

AUuvlutn*      nlHfurptive     qnalllj      of 

^rAH   uf    ai! 

cban^   In    chnpttt'ter   of,   condi- 
tions of ^ . 4-1 

<?har«('eer  of.  In  Santa  Ana  Val- 
ley     , ,  38>3n 

pffect  tit  c'Uurac'ter  of^  on  under- 
ground flow  ^--  2B 

fot-matloD  of,  rmm  two  upllftd.  4.1 

la  £)an  Bernardino  ret^Lon .,  3E 

prtjiervatlon    of    treip*   lnw-_^-_  <i 

tempurnture   In,   Hue   of , .  TS 

time  r«|uii-ed  for  di'poslt  of 49 

Mf^  aisti  Flarller  uIIutIuri  ;    Lnter 
(illuvluln. 

AkLtudeft  Ln  i^nn  lU^Lutirdlnu  V^aLley.  'tl 

Anaheim,  wat^r  Iffvel  near,  trliart  of_  (III 

watpr  plain*  ut,^^..^.^ ^^--  00^*11 

Analyii^H  iif  wftt*TH,_ .^  T7-7f* 

AatUl  trutit.    wellH  In ^_,^ 41 

well   In.   flow  of^ . Tt^l 

Apricots^   ruULvatlon    of- . 1!^ 

(growth   of   . — ,^-,.^,^ --„,_-  le 

Aridity,  adviinfajjeH  of 17 

effect    of,    on    di^brtH    accuniula- 

tiiin    ^__.  as 

Arrow Jiead  Hpi-Ui*:?!^  ti'TniJerature  of,  7;j 

water  from,  nunlyHlH  of ^_  Th** 

A  ptflwi  an    a  roji .    d  f*f  n  'a  -^^^   of  _ ^  ^  !^,  62 

Artesian    ariMH    En    ^un    iikniardJno 

Valley     ,-..-.,. 'l\i-ttl 

untftldo  of  Snn   HecnardlQo   VaU 

ley tl7-71 

plate  sbowlnt;  ^-. ^^--  rocket, 

ArteHji>n   preHsoirf,  de<-^reaHe  of li- 

Arteelan  wnti*r,  UlHcovt^ry  uf , 2S 

In   earlier   nlluvliiiu , 42 

In  8a n   Bernardino   Valley^  ^^__  2H~G7 

orlffln  gf  bead  fyr-..-. — ^ 52-56 


Badlandfti  t-auai*  of,  hy   uplift .^^  30 

hot   w^ells   In -^^^.^.^, 42 

Baldwin    Lako,   plute  nhowlEig _.  13 

Barley,  lul  rival  ion  of--^ ^  Ifl 

Bt^ar  Valley  dam.  conetriittlon  of___  11 

Uench  lands.  ai^rlculLurul  ralue  of.^  IT 
value  of.   ret-ognltlon  or_^_  ^ _  _ .    1 1  <  1 2 
Blljllo^apby   of   Irrigation    for   Han 

Bernardino   Valley__.-  13 
Binnl^,  Alexander  It,,  cited  on  aver- 

Q.iH^  rnlnfalL ^^ IR 

Bowldera,    movetnent    of.    by    storm 

wati-ni    ^,,^-_^ -^  HT 

Box    !^    ftprinj^,     fqrm    of,    from    a 

clenaga     _^^ ^__  48 

Bucher   welU   Htit'tion   of. .„,.^^  Hi 

Btmlcer  HIM,  (ul«iilon  settlement  near  10 
Bunker  tljll  dike,  ctieeklng  of  floodis 

at    ^^_^ ^ 6S 

ef eel  of.  on  iinderi;round  water,  26 

formatlan    of,,^ ,^^-_^^__  ao 

hot  water«  near,  orlfcln  of — ,^  Tfl 

plAle  ilKywlng _^_^ .^  72 

■t^i^piM^  of  underflow  by__^. fSS 

C, 

rajon   raaa.  fault  In - - SO 

t'alHum    cnrlKinate.    effccl    of,    tvom. 

evaporation    , ^^,^  4H 

rHllfornla^  woutbfrn.  map  of^ 8 

soIIh   In,   eittjtiiUlcation   of-^.^^_   <!(V"2a 
ransila  above  Co  I  ton.  nienaufetnent  of 

water    ln_-^ ^,  M6,  M7 

iVtoent  gravel  and  aand^  occurrence 

of     3T 

rhemlral   iharaetor  «*f  waters^ .^^_  76—71' 

rienajt^u.   peat   from    tbe^__^^ ^^^  41 

i^lenugaK.    artesian    conditio  an    Jndi- 

ratnl    by ^^ 47 

muHf    of ^^^^^ 47 

evaporallon   from,  effect  of 47 

i^iipply  of  water  fronu ^  20 

ritriia  fmitH,  b**nih  luudR  adapted  to  11 

II  r<  Ml  net  Ion  of.  ^rowMi  of_^__^^  12 
rity    Creek,    discharge    of,    m»>a»t(re- 

meut    of „ H» 

Clapp,     W.      Bm     measurement     of 

atreama    by ^_, -------  f»l* 

Clay,  deposition  of,  from  two  upJIfts  43 

In   8au   Bernardlmi  rej^iou,  —  -  33 
ov;curreiice  of.  In  arteaian  areji-   'M<i  *11> 
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Colony,  founding  of.  In  San  Ber- 
nardino  Valley 10,  12 

Colton,    canals    above.    meaBurement 

of  water  In HO.  87 

rainfall    records   at 16 

water     flowing     and     developed 

above,   comparison  of.         03 
Conglomerate     In     Kan     Bernardino 

region     32 

Coulter,    F.    M.,    analysis    of    water 

furnished  by 78 

Crafton     canal,    discbarge    of    Mill 

Creek    measured    at 79,  80 

Crafton  Hills,  rock  in,  character  of.         08 

section  across 68 

Cross-bedding,  occurrence  of 38 

D. 

Dam,   construction  of,  across  8anta 

Ana    wash 00 

Dams,  effect  of.  on  lairds  near 64 

need  of,  to  distribute  water  sup- 
ply   07 

Debris,  formation  and  accumulation 

of 30 

Denver  basin,  Colo.,  wells  In.  flow  of-  00 

Deposition,  conditions  of,  changi*  of_  44 

time  required  for 40 

Dlorites  In  San  Bernardino  region. _  32 

Discharge  of  Santa  Ana  Uiver,  meas- 
urement of 27.28 

Discharge  measurements,  tables  of__  70-87 

Drainage    in    nlluvlul    fun,    section 

showing  form  of 72 

Dunlap  ranch,  wells  on 07 

B. 

Earlier   alluvium,    amount   of   water 

reaching 44 

area  of,  favorable  to  water  sup- 
plies   tlO,  70 

artesluu  water  in .    —  42 

character  of __.  —   __.  _  42,  <;o 

origin  of 4.'i 

view  of «>S 

water  in _      _.  (5s 

water-!)earing  character  of .'ir» 

wells  in 42-44 

East  Hiverside  incHa,  plate  nhowin^.  1(> 
East  Twin  Creek,  dlmharge  of.  nioas- 

urement  of 84 

El  Casco.  earlier  alluvium  at.  water 

In <>0 

Eldridge,    (J.    H..    cited    (»n    wells    In 

Denver  basin 00 

Evaporation,  Iosh  !»y «{1 

Experiment  Stations.  Othce  of,  bulle- 
tins <m  irrigation  pub- 
lished from 14 

F.' 

Fans,  alluvial,     tiee  Alluvial  fans. 

Faults,  hot  springs  caused  by 73 


Foults,  occurrence  of,  in  San  Bernar- 
dino Itasln 30 

See  aho  Tpllft. 
Flood  waters  in  Santa  Ana  stream 

bed.  diagram  of 52 

rates  of  absorption  of 50,  51 

Floods,  control  of 66 

effect    of.    on    alluvial    fan    de- 

pt>sit8 44,45 

Flow  in  streams  and  canals,  tables  of-  79-87 

Flowing  water,  decline  of,  cause  of.  63 

Forests,  Influence  of,  on  stream  flow.  24.  25 

preservation  of,  need  of 67 

Fossils  in  San  Bernardino  clays 33 

Frlnk  Brothers*  well,  section  of 44 

Fruits  in  San  Bernardino  Valley 12 

C. 

(>age,  Matthew,  construction  of  canal 

by 11 

(Jage  canal,  use  of  artesian  water  by_  29 

artesian  wells  of 39 

Gage  Canal  (N)mpany,  measurements 

of 59 

(iage  canal  system,   thermal   waters 

of 73 

water  from,  analyses  of 77 

wells  of,  records  of 54 

flow  of 52 

interdependence  of 54 

Geologic  history  of  San  Bernardino 

Valley 33,34 

(flaul>er's  salt  In  spring  waters 79 

(JnelHses  in  San  Bernardino  region. _  32 
Gravels,  extensive  deposit  of,  condi- 
tions of 46 

extcMiHlve    occurrent'e    of.    under 

Victoria   tract 40 

In  San  H'Tuarillno  region 33 

inovt'incni     of     wat<'r     through, 

rate  of 48.49,50 

(Ground  waters,  location  of    71 

of  San   Bernardino   Valley 71-72 

orlKlu   of 71 
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Hall.   W.   H.,   work  of,   on   irrigation 

in  H(»utlKMn  California-  13 
Iluinlin.    Homer.    <'lt(»<l    on    rate.s    of 

iindcrllow .._  40-.'>0 

rates       of       iindcrjjrouiid       ll<»w 

incasiir^Kl    by 28 

lianlpan,    occurrence   of.. 37 

Harlem    Sprinus,    temperature    of 74,  70 

water  from,  analysis  of 7t> 

Heads    of    water    f(tr    artesian    How, 

orUIn    of    . .-  .'»2-.'»0 

hypotlM'ses    for .'»3 

HeatiHl   waters.   <»rli;ln  of.  .._. 72.73 

Hlirhlands  ditch.   <onstructlon  of 11 

HIlKard,    10.    \V..    analyses    of    water 

by    77,  78 

cited  on  subterranean  water  In 

Sun  Bernardino  Valley.  54 


nit^rd«  E.  W.*  iljiiDB  nugffeated  hy^^  6T   ' 
pupcr  liy*   oa  mibterniiK^aD   wa-               ' 

liertmrdlnu   Valley  -,^  14 
IliBtory    of  aettlemeot    at   San    Ber- 

tiardlmi   Valley  ^-^ 10-12 

tUsli^rjTi  ipkiUielc,  ot  Kirn  Ccfiiardloo 

Valley  - _  .  , ^- - -^  33^34 

Hntw  wHI*  ^lAe  of  teoai>(?rature  In.-  74 
Hot       ^prlHKK,       cnmt       nirjveiaent 

tnafkMl  bj  — — ^_^-_  la 

dlatrlbullon   cif  ..__„„. 72,  TB 

nlL'dlcllllll  use  of  — -^ — 7S 

orlffla  of  — .^^ — — — -  7i!p  T'i 


Itnpefirlotis  beds,   i^ffett  of-_^,^,---         5^ 
Irrigated      lands*      hydro]  ogle      map 

shuwJBg " -"  Pi^keL 

Ifrlgmll^D*   blbllonraphy  of.  for  Ban  ' 

BernurdlQo  Vullej  --^         l"*  i 

d^^velopment  uT,  lu  Sati  Ht^raar  { 

dloo  Valley  ,,,^_.-_.  10-12 
effect  oo,    of  dlmlnlrthed  water 

KupjiJy„_, ■ -  B6«  57 

first    uiw    ofp    In    Sao    Beroar- 

dln«  Vallty  _^_^_-^--  10 

Imivrovenietit   la  practice  of ^^  12 

need    at *  ^^ 

tncreuse  of  dlarhari^e   of  iSautA 

Ana  UJver  by„,,^-^--  28 

return  waters  from^^^, 20 

irking.  William,  pajter  by,  on  duty 
of  water  under  Gag^ 
canal  ^..^  —  ^— ^^^-         1-i 


Johnson,  A.   K.,  analyjtis  of  waters 

by_ TT 

JobnaOQ,   Ctudemiin*  rword   of  water 

level  ke|it  by ---^  &0 

Jolinsoti  well,   water   level   In,   chart 

of  _____.„-.- ^         62 


Lat«r   alluThjDii   tirlsiii   of^  —  ^ — ^         *3 

platen  Mho  wins   ..^ ^-^ ^  3* 

watpr4>MarlnK   rUaracter  of ^^ 

weJJj*  tn    ^. 3S-4I 

rJp|)lncott,    .T.    B..    eiitlmate    by*    of 
wati?r    s(i>rtHi    In    San 
litTDardlrio   Vallt?y  ^--         05 
pajiers  by*  im   w(il*^r  supply  of 

i4an  Horuardlncj  Viillpj-   1'^.  H 
Loa    Anj^lea.    imdortlow    nean    rates 

of ^ __.^._  4a  SO 

LtjH    AnueleH    Klver,   auLeiirface   flow 

measured   nt^ar 2S 

Lugo  family,   lands   in   Sun   Bernar- 

dlno  V*alley  owned  Uj-  10 

LytJe  Cr«ek,  d  lie  barge  of,  meaaure- 

ififiHt  of  *-.ii*«_--- ^         85 


Page. 

Lytle  Creek  waali,  wplla  In ,-_         41 

Lytle     l>o«k     well».     watprs     from, 

rtufllyala   of    „_^^^,^^-  7T 
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Hap  showing  €hiinKO«  la  artesian 
ureas  and  water  ley- 
t*lM ^^-..^^ ToekeL 

ftbii),  hydroloi$:k\  oi  San  Bernardino, 
Uedlandi*,    and    Ticln- 

Ity  __^___ POCkftt. 

Map,  outline,  of  aouthem  Cali- 
fornia ^.^ ft 

Marblea  la  ^aq  Bernardino  reifton^,  H2 

McHna,  sol  la  on.  charactt^r  of — ^__^-  »S2 

uae  of.  for  <?ltriia  Industry ^  12 

Mill  Creek.  dlwfUarjje  of*  table  of_^_   7^,  80 
Mill  Creek  stanja,  const truct Ion  of^,  10 
Htaaton  settlements  In  Ban  Bernar- 
dino Valley  - ^-^  10 

MoliBV«  Desert,  mouatalna  In^  efFect 

of   aridity   on,_^,^-^^  S5 
Mohave  River,  underflow  near,  meaa- 

iirement  of — --  ^^ 

yraderdow  near,  ratea  of^_.,^--  24 
Hormona,  acttU^tnent  of.  In  3an  Bi'r- 

nardlno    Vanes'  ------  1* 
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Neff.    J.    B.t    water    plane    at    Ana 

helm   df!t<^^tDlned   by.^  tW»,  01 

Neff    wdU    water    levels    tn.    ehart 

showlo^   — , -^ —         0^  * 

O, 

Oata,   cultivation   of— -^,-« 18 

Older    alluvium,     titr    Earlier    allu- 
vium. 
Olive   tree»,   growth  of — ^-. —         10 

r. 

Pay  lie  well,  temperature  of^ .*  74,  70 

water  from,  aualyala  of,  —  ^^^  T7 

Teat,  occurrence  of.  In  well  section.  41 

Percolation,  rates  of,,____^^  28,  48,  4tt,  BO 

I'bysiogrBpby     of     IS*tn     Bernardino 

Valley     ___. ---_  SXU 

iHunge    Creekt    discharge    of,    meoa- 

uremeut    of-_^ . 8*1 

Focketa  In  old  river  deposit*,  occur- 
rence of_^ ^^^-. iiS 

Folltana,  mlBaion   aettietnent  at H^ 

Precipitation^     fi^rr  Rainfall. 

Pumping,    Increased    need    of,    with 

lowering  water  level-,  nO 

limit  of  profit   In,  —  ^^^ — ,--  OS 

neeeaslty  of,  for  ground  waters,  71 

Qiiftrti'porpbyry  In  San  Bernardino 

region ^^ 
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R. 

Uuinfiill,  amount  of,  required  under 

present  conditions 07 

at  Colton,  records  of 16 

at    Uedlands 17 

at   San   Bernardino 1« 

chart    showing 10 

average  of 18,(54 

In  San  Bernardino  Valley 15-20 

effect  of,  on  water  level —  29 

necessary  amount  of 02 

relation  of,  to  water  plane-  5J» 

results  of 24.2,-) 

run-off  compared  with 24 

time  of  occurrence  of 2:^ 

In  southern  (California,  distribu- 
tion of,  cause  of 15 

Redlands.  hydrologic  map  of rocket. 

plate    showing 20 

rainfall    records    at 17 

water  supply  of (57 

Kedlands  quadrangle,  water  level  in. 

change  of 57 

wells  In,  list  of 87-OJ) 

Redlands  Water  Company,  wells  of, 

not    flowing 42 

Redlands  wells,  origin  of  water  of_-  00 
Reservoir  street  canyon,  origin  of__  00 
Return    waters,    quantity    of,    varia- 
tion  in 20 

uncertainty    of (54 

Riverside,  gravels  near,  character  of  70 

w^ater  supply  of 71 

wells  above,  head  of 70 

Riverside  basin,  artesian  water  ln__  70 

capacity    of 71 

Riversklo  canals,  construction   of 10 

Riverside  Narrows,  flowing  well  near  70 
Riverside    Water    Company.    u«»»    of 

artesian   water   by 20 

wells   of .--  -iO 

flow  of-    -    -  5.'5 

Rlverside-Illghlunds     irrigation     dis- 
trict,   plate   showing.-  12 
Riverside     Highlands     Water     Com- 
pany,  formation   of —  11 

wells   of '50 

Rocks,  classllicatlou  of.   in  San  I5er- 

nardino    Valley .'52 

Run-off,  effect  of  forests  on 24.  25 


S. 


San  Bernardino,  average  rainfall  at_  04 
average  rainfall  at.  chart  show- 
ing variation  from 10 

hydrologlc    map    of Tork^'t. 

rainfall    records   at _  is 

water  level  near,  chart  of —  02 

San    Bernardino   and    San    (Jorgonio 

peaks,    plate    shovvlni;  20 

San  Bernardino  artesian  area 20  (»7 

San  Bernardino  basin,  depth  of .'51 

location    of 0 

origin    of 30.  ai 


P« 


San    Bernardino   basin,   quantity    of 
water    obtained    from. 

above   Colton 

water  level  in,  map  of  changes 

of Pot- 
San  Bernardino  mission,  growth,  of- . 
San    Bernardino    Mountains,    forma- 
tion of 

San    Bernardino    quadrangle,    water 

level   in.  change  of 

wells  in,  list  of 100- 

San    Bernardino    Valley,    aridity    in, 

effect    of 

forest  growth  In,  value  of 

formation   of.   by   crustal  move- 
ments     

head  of  water  in 52 

irrigation    in 10 

mission  settlements  in 

old   topography  of 

rainfall   in 15 

rocks  in.  classes  of 32 

sec t ion  across 

settlement  in 

stream  and  canal  flow  in.  tables 

of 70 

temperature  of  waters  in 72 

underflow    in 1 

water  from,  analyses  of 

water  plane  in.  attitude  of 

water  stored   in 

water  supply  of 2.'5 

conclusions    on 

papers  relating  to 115 

well   sections   in 40,42 

San  IHego.  rainfall  1m»Iow  average  at 

'^an  tiorgonb)   Tass,   fault   In 

San    TimotPo    Canyon,    earlier    allu- 
vium   near 

(lowing  wells  in 

view  <.f     .         

Sand   dunes,    formation   of.   affecting 

alluvial  fans__ 

.^ands  In  San  BiTnardluo  region 

Sandstone  In  San  Bernardino  regbm. 
Santa  Ana   basin,  table  of  discharge 

of.  alun'e  Colton 

Sant.M     Ana     Uiver.     alluvium     near. 

cbaracter    of   _    l\H 

discharge  measurements  of 

2S,  SI 
dralna^'e system  of,  importance  of 

How   In.   natm«'  of 

hot   si)rinLCs  near -  

slnkln;;  of   Hood   \vat«Ms   In.   dla- 

j;iam   of 

soils  |»rodnce<l  by    _.  . 

nndergnmnd  How  of,  efTeet  of-_ 

volume  of,  Increase  In.  .    

Santa  Ana  Valley,  nonarteslan  lands 

in.  plate  showing 

plate  showing 

Santa  Ana  wash,  dams  across 

underflow  In,  rate  of 

Suvannah,  (ia.,  wells  at,  failure  of 


[^liNlii  In  Sun  IWiQartlioo  ^<^«illJn-.-  £12 
(4K-tlon  iiero«»  C'Cflfton  Mills  nml  ITti- 

vu t JH*   Vii lU-y 0^ 

of  atlui'UiI   fitn , .. gil 

nlmwintf  drainaate  ^_^,**^_  t2 

of  Uuclipr  well_, ^_. ^H 

of    watvr    tabltf    imd^r    Hlrpfltn 

f^btmnpl . .__    _.  4D 

of  woJJ  tn  VtJi'ftlpp  ran.V(m__    . .  4-1 
III  Ytu*iilpe  ViiH^y  ,^^^^p._^  4S 
of  wellH  In  San  Bernardino  Val- 
ley ^ ^-^^-_^__ .^  10,42 

Br«p0je»,  ratps  or , „_   L'8,  4!^Ht»,  51J 

f'i't 1 1  p m pnt  1  rv  ^ ji n  Ber nn rd Ino  Val J ey ,  ID 

8heii?!^  In  San  &erDiird|.tiu  i-e|fhin_^_  33 

Shf^rld^  J.  A.,  dnal.v!!Js  i>f  waters  l*y__  7T 
i^llk  r'enter  A^i^Hlaticm.  work  of.  In 

M  (1  n  Bff  Dnrd  1  lu  i  \'a  1 1  t*y  ^  1  f> 

KlBj^lPton  wells,  od>;ln  of  water  ln„  flfi 
BItehter,  C.  S,,  cUed  oti  moFtrtus  of  itn- 

d€-rgrouD4]  waters.  _   2H,  in,  flO 

Soils.  alHsorpttve  t-apactty  of  __  ,,..^  22.  1*3 
^laftHlficatMi  of*  In  southern  ral- 

Ifi^rnla  __,^.^ ._.,,  2(*-23 
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Depahtment  of  the  Interior, 
United  Statks  Gkolooical  Survey, 

HvrmcxsRAPiiio  Branch, 
Wa^/uHf/Um,  />,  a.  Mm  eh  25,  1905. 
Stii;  1  tmnsmit  herewith  fi  maniLst*ript  by  »Iohn  IL  Qui n ton,  ??uper- 
vi^iiig  engineer  of  the  Reclamntioti  Service,  entitled  ^'  Experiments  on 
Ste^I -Concrete  Pipe8  on  a  Working  Seale/'  and  requast  that  it  be  pub- 
lished f^  one  of  the  series  of  Water-Supplv  and  Irrigation  Papers. 

The  use  of  concrete  as  a^^ubstitute  for  stone  and  metal  in  connec- 
tion with  engineerintr  projects  has,  during  the  last  few  years,  become 
well-nigh  universal  One  of  the  most  important  fieldtj  of  engineering; 
iuve^tigation  U  that  of  deteiTiiining  the  durabilitj  and  permanence  of 
concrete  i^ttructuresi,  especially  those  erected  in  connection  with  water 
H 11  ppl  ies ,  The  i  n  V  es  ti  gut  io  n  8  re  [x>  rt  ed  i  n  t  he  a  ceo  m  pany  i  ng  man  ilsc  rip  t 
are  the  it  fore  of  peculiar  significance,  and  the  reNults  promise  to  l>e  of 
great  value, 

Mr*  Quinton's  experiments^  have  been  made  upon  large  pipes,  and 
the  results  are  therefore  applii^ble  for  use  in  prai^tical  engineering 
work.  TTprctr)foTe  siniilsir  inv4'>^tig;itions  hsive  been  made  on  a  sntiill 
scale,  and  the  conclusions  which  have  been  drawn  from  them  are,  as 
shown  in  the  accompanying  paper,  erroneous  in  many  respects. 
Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Sui^Jey, 
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EXPERIMENTS  ON  STEELCONCUETE  PIPES  ON 
WORKING  SCALE. 


Bj  John  H»  Qdintoh* 


INTRO  DUCTHIN, 

Preliminary  surveyn  of  many  irrigation  proji^cts  in  the  arid 
have  ftjhown  that  pre^^j^ure  pipes  or,  as  tlit^v  air  often  railed,  '*  invert^ 
^iphons/^  will  be  necessary  for  thp  economiitil  eoniit ruction  of  some  of 
the  works  contemplated  by  the  Heelamatioti  Heniee,  Hitljerto  sueh 
pipes*  have  been  made  of  iron  or  steel,  or  of  woo<l  gtave.H  lK>imd  with 
iron  or  steel  rods*  During  the  last  f«w  years  the  tnantifactiii'e  nf 
st€el  ba.^  been  so  improvt?d  that  .steel  ha.H  entirely  replat^ed  iron  in  all 
important  s^truetiires.  Therefort^  the  choice  of  material  for  pre-Hsnie 
pipe  ha-H  been  limited  to  the  two  materials,  steel  and  wood* 

In  all  of  the  iHickmation  projeets  it  U  uio.st  important  that  the  struc- 
tures on  the  main  eanaU  Hhall  be  of  n  |K^nnanent  nature.  The  worki* 
have  to  be  maintained  for  sevemi  year^  by  the  Reclamation  Serviee 
l»efore  they  are  turned  mrt  to  ll^r  p^^opK^  nf  the  distriit.  Thvy  ;u'<^ 
to  be  paid  for  in  ten  annual  installments,  and  at  the  end  of  ten  years 
they  should  be  in  good  repair  and  as  sound  and  durable  as  when  they 
were  constructed.     This  condition  is  a  difficult  one  to  fulfill. 

STEEL    PIPE. 

Steel  pipe  is  naturally  limited  to  a  thin  shell  on  ac^count  of  its  great 
strength,  weight,  and  cost.  It  is  easily  attacked  by  salts  and  acids, 
both  on  the  inside  by  the  water  flowing  through  it  and  on  the  outside 
by  the  material  surrounding  it.  A  slight  deterioration  in  so  thin  a 
shell  means  a  large  loss  in  strength,  and  the  life  of  a  steel  pipe  is 
therefore  limited  to  a  few  years,  depending  upon  the  nature  of  the 
material  in  which  it  is  laid.  Kxperlence  has  shown  that  in  alkali 
ground  in  southern  California  the  life  of  sheet-steel  pipe  is  short. 
The  life  of  the  pipe  may  be  lengthened  by  a  coating,  both  inside  and 
outside,  of  asphaltic  material.  The  coating  is  applied  by  dipping  the 
pipe  into  a  hot  bath  of  the  asphalt  mixture.  If  this  dipping  is  not 
carefully  done  at  just  the  proper  temperature  it  is  not  likel}^  to  add 
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much  to  the  life  of  the  pipe.  The  coating  is  liable  to  be  broken  in 
places  by  careless  handling  in  tmnsit  from  the  factory  to  the  work, 
and  unless  such  places  are  recoated  they  are  soon  attacked,  and  the 
efficieincy  of  the  pipe  is  thus  materially  lessened.  In  all  of  the  proj- 
ects in  the  arid  States  more  or  less  alkali  ground  is  encountered,  and 
in  many  of  the  projects  provision  has  to  be  made  for  the  drainage  of 
the  lands  to  get  rid  of  the  alkali.  Under  these  circumstances  other 
and  more  durable  material  than  steel  or  iron  must  be  sought. 

WOODEN  PIPE. 

Wooden  pipes  are  now  very  extensive!}'  used  for  carrying  water 
under  pressure,  and  they  have  many  advantages  over  steel.  Large 
wooden  pipes,  however,  must  necessarily  bo  made  of  longitudinal 
staves,  bound  and  held  in  place  by  steel  rods  on  the  outside.  The 
wood  is  porous  and  is  soon  filled  with  the  water  under  pressure,  and 
this  makes  the  wooden  part  of  the  pipe  practically^  safe  from  decay 
when  it  is  protected  from  the  rays  of  the  sun  either  by  a  layer  of 
earth  or  a  light  roof.  The  pipe  must  be  filled  Avith  water  at  all 
times,  however,  to  maintain  the  condition  of  saturation  which  is  nec- 
essary for  its  durability.  In  a  cold  climate,  such  as  that  found  in 
Montana,  Wyoming,  and  the  Dakotas,  it  would  be  unwise  to  keep  a 
pipe  full  of  water  in  the  winter  time  when  it  is  not  in  use  for  irriga- 
tion. Freezing  weather  would  certainly  affect  the  pipe  injuriously 
unless  it  were  buried  in  the  groimd  deep  enough  to  be  unaffected  by 
frost.  The  entire  bursting  strength  of  a  large  wooden  pipe  is  derived 
from  the  steel  bands  or  rods  with  which  it  is  bound,  and  those,  when 
'  buried  underground,  are  thon  oxposod  to  the  same  destructive  agen- 
cies which  attack  the  stool  pipe.  The  form  of  the  bands,  however, 
being  gonorally  circu'ar  in  section,  givos  thoni  a  longer  loaso  of  life 
than  the  thin  shell  of  niotal  in  a  stool  pipe;  for  this  reason  a  wooden 
pipe  is  certainly  a  gr(»at  iniprovoniont  on  a  stool  pipe. 

Wooden  pipes  also  have  thoir  liniitjitions.  Thoy  aro  fragile  and 
easily  broken  by  a  blow  from  the  outside  and  should  novor  1)0  used 
where  thoy  may  bo  exposed  to  falling  rooks  or  small  landslides.  If 
tho\-  aro  laid  on  the  surface  and  oxposod  to  tho  rays  of  tho  sun,  the 
wood  in  tho  upper  half  of  tho  pip(»  soon  docays  from  alternate  wetness 
and  dryness,  caused  by  difioront  toniporaturos  in  suiishino  and  shade. 
In  the  heat  of  tho  sun  tho  upper  part  of  tho  pipe  is  driod  rapidly,  and 
during  tho  night  tho  pressure  and  capillary  action  force  tho  water  to 
the  surface,  to  bo  driod  out  again  th(^  next  day.  This  action  may  be 
counteracted  in  warm  climates  by  building  a  roof  over  tho  pipes,  but 
in  cold  climates  the  pipe  must  bo  ouiptiod  before  frost  sots  in  and 
allowed  to  remain  empty  ail  winter.  This,  again,  subjects  the  pipe  to 
alternate  wetness  and  dryness,  although  at  longer  intervals;  it  also 
allows  the  staves  to  shrink  in  the  winter  time,  and  when  the  water  is 
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turned  uit+i  the  pipe,  and  before  tho  wood  has  had  time  to  swell,  sand 
and  gilt  are  forced  into  the  ycani!^  lietween  the  stave,%  and  the  pip© 
ljecoiiie.s  leaky  and  unserviceable. 

In  view  of  all  these  eonditions,  it  was  fchon^^ht  iwlvisable  fjo  exauiina' 
into  the  merits  of  steel  concrete  as  a  material  for  pressure  pipes  in  ib 
place  of  steel  or  wood, 

STEEL^CONCRETE  PIPE. 

There  is  little  doubt  that  steel  cxincrete  i«  a  much  more  dumbl 
material  than  either  stf^el  or  wood,  but  at  the  very  out.set  it  presents  a 
serious  clniw  back.    Concrete  is  porous;  and  whi  k^  theoretically  It  might 
be  composed  of  such  material  as  would  render  it  impervious  to  wate 
under  oitlinarj  pressures,  praitimlly  it  is  found  to  be  very  dilHcut; 
to  make  It  so. 

Many  statements  have  been  made  as  to  the  waterproof  qualities  of 
c^rttiin  inixtures  for  cone  re  te*  but  water  under  pressure  is  a  very 
searching  agent,  and  it  must  be  admitted  that  so  far  as  these  experi- 
ments have  gone  such  statements  have  not  been  substantiated,     T 
determine  just  how  much  pressure  of  water  ordinary  well-made  con 
erete  would  stand  without  leaking  seriously,  and  what  mortai^s  woul 
most  effectually  stop  leaking,  and  up  to  what  pressure,  these  ex  peri 
ments  were  undertaken- 

It  was  recognized  that  exjM^riments  with  small  pipes  would  not 
of  such  practical  value  as  those  with  pipes  of  si7.es  more  nearly  com 
metisumte  with  the  work  in  hand.  It  was  Hnally  decided  to  make 
seven  or  eight  pipes,  ciu'li  h  feet  in  diameter  inside  and  2U  feet  long^ 
with  a  6-inch  thickness  of  concrete  shell,  inclosing  an  armor  of  stee' 
rods  sufficient  to  resist  a  head  of  150  feet  of  water  with  a  factor  ol 
safet}^  of  4.  The  quantities  of  water  to  be  carried  in  the  different  proj- 
ects vary  from  250  to  1,500  second-feet,  and  this  size  seemed  as  small 
as  it  would  be  advisable  to  experiment  with  in  order  to  show  the  prac- 
tical diffic'ulties  of  construction,  as  well  as  the  flaws  and  imperfections 
in  the  pipe  arising  from  careless  or  defective  workmanship. 

Water  under  pressure  tells  the  truth  without  fear  or  favor,  and  a 
careful  reading  of  these  pages  will  show  that  there  are  many  practical 
difficulties  to  be  overcome  in  the  construction  of  steel -concrete  pipe, 
and  that  the  most  careful  attention  to  details  and  rigid  inspection  and 
supervision  are  necessary  to  produce  a  steel-concrete  pipe  that  will 
stand  100  feet  of  he^id  of  water  without  appreciable  leakage. 

COMPOSITION  AND  CONSTRUCTION  OF  PIPES. 

Experience  with  concrete  structures  has  shown  that  with  nearly  all 
kinds  of  cement  there  is  an  efflorescence  deposited  on  the  surface  of 
the  concrete  wherever  there  is  sufficient  water  back  of  the  wall  to  force 
this  efflorescence  to  the  surface.    This  is  due  to  the  permeability  of 
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the  concrete  and  the  passage  of  the  water  through  it.  Small  particles 
of  lime  or  cement  are  carried  to  the  surface  and  deposited  in  the  form 
of  white  powder. 

There  is  also  found  in  concrete  a  pulpy,  gelatinous  fluid,  called  by 
the  French  'Maitance,"  from  its  milky  appeamnce.  Whenever  water 
is  forced  through  concrete  this  substance  is  deposited  freely  on  the 
surface. 

The  entire  subject  of  porosity  and  permeability  of  mortar  and  con- 
crete has  been  very  ably  treated  by  M.  R.  Feret,  chief  of  the  Boulogne 
laboratory  of  the  Fonts  et  Chauss^es,  in  a  paper  published  in  the 
Annales  des  Fonts  et  Chauss^es,  July,  1892,  and  a  most  interesting 
discussion  of  the  subject  by  American  engineers  is  to  be  found  in  the 
Froceedings  of  the  American  Society  of  Civil  Engineers,  vol.  29,  No.  6. 
In  this  discussion  Mr.  R.  W.  Lesley  suggested  that  an  addition  of 
slaked  lime  to  the  concrete  of  which  the  pipe  is  composed  might  aid  in 
making  the  mortar  impermeable.  Some  of  the  pipes  tested  have  been 
made  with  this  addition.  Mr.  Lesley  also  referred  to  a  paper  by 
Messrs.  J.  B.  Mclntyre  and  A.  L.  True  on  The  Fermeability  of  Con- 
crete under  High  Water  Fressures.  Some  of  the  conclusions  drawn 
from  the  experiments  made  by  these  gentlemen  are,  however,  rather 
sweeping. 

In  the  second  paragraph  of  these  conclusions  it  is  stated  that  con- 
cretes coniix)sed  of  mixtures  of  cement,  sand,  and  rock  in  the  propor- 
tions of  1:2^:4  were  impermeable  under  heads  varying  from  20  to 
80  pounds  per  S(|uare  inch,  and  in  the  last  parajj^raph  the  following 
statement  is  made: 

It  is  perfectly  .siifc  to  fonchido  that  a  concreto  of  the  proportions  of  any  of  the 
speeimens  v\  liieh  did  not  leak  under  Si)  j)onnds  pu'ssure  would  be  praetieally  imiH>r- 
meable  under  any  condition  onlinarily  fcuuid  in  practice. 

This  seems  a  rather  hast}^  coiichision,  as  the  following  pages  show 
that  many  of  the  conditions  ordinarily  found  in  practice  render  it 
almost  inipossihle  to  make  a  lonoaiul  larofo  concrete^  pipe  impermeable. 
It  is  far  from  the  intention  of  the  writer  to  Ixdittle  in  any  way  labo- 
ratory experiments,  but  great  eare  must  be  exercised  in  drawing  con- 
clusions, especially  in  generalizino-  from  particulars. 

To  dctermiiH'  just  bow  a  steel-concrete  pipe,  made  l)y  ordinary  work- 
men in  the  usual  practical  way,  would  act  under  [)ressui'e  was  one  of 
the  main  objects  of  th(»se  experiments. 

It  was  decided  to  make  seven  pipes,  with  dillenMit  proportions  of 
sand,  gravel,  cement,  hme,  and  waterproof  material,  with  steel  armor 
sufhcient  to  resist  a  head  of  150  feet  of  watei*.  with  a  factor  of  safety^ 
of  4,  under  such  conditions  as  would  be  found  in  most  of  the  projects 
under  consideration  by  th(»  Reclamation  Service,  these  conditions  being 
well  undei  stood  by  the  writer,  who  had  visited  the  various  localities 
and  was  familiar  with  them.     It  was  not  intended  or  supposed  that 
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the  e  X  peri  men  t?f  would  cover  a  mngo  groat  t^riough  to  i^xlmiiMt  the 
BulijiK-^tuf  impermeable  concrt>te  or  moiiar,  hut  it  wuh  prcsunu'd  that 
they  would  indicate  the  best  mixtures  and  the  limit  of  pressure  which 
it  wouM  be  wise  to  tix  for  aetual  work  iu  tlie  tiokl,  where  pifies  may 
be  3,000  or  4,000  feet  in  length  and  of  large  diameter, 

COMPOSITION  OF  TEST  PIPES. 

The  oomposition  and  dimensions  of  the  test  pipes  are  given  lielow. 
All  meftsurementd  were  made  looi^e,  in  boxes,  just  as  they  would  prob- 
ably be  made  in  the  field.  These  pipes  were  all  mnde  by  workmen 
skilled  in  making  concrete,  who  had  been  employed  by  a  concrete  con- 
tractor in  LoH  Angeles.  The  work  was  supervised  by  the  writer  and 
by  Mr.  W.  H.  Sanders,  consulting  engineer  of  the  Reclamation  Service, 
one  of  whom  waa  present  at  all  tiinca  during  the  construction  of  the 
pipes. 

PlPB  No.  1. 

Inside  diameter  J  5  feet;  length,  20  feet;  thickness,  6  inches;  steel 
armor,  71  welded  ring^  of  three-fourths-ineli  round  steel,  and  eight 
longitudinal  steel  rods  one  half  inch  in  diauK^ter.  In  all  pipcw  except 
No*  7  the  armor  was  placed  in  the  center  of  the  shell. 

Maieri/il  i^sedjar  conereiefrjr  pipe  No.  /.  " 

Cementf  GilUnghatn .- ,^. 1 

8«Lnd^ — cleuD  river  eaDd— fine  t* i  coflree _*^.,,,,_» ,, ,2 

1 3  ravel  refiiEied  on  screeu  uf  U-im-U  tnmi}  and  pacing  through  2A4nch  nimh  ,  _ .  2h  5 
Gravel  refused  on  screen  of  haLf-nu'h  niej^h  and  paf<*?in|t  Uimu^h  H-in^h  r«f*^h. .  _  2.h 
Water 1.1 

In  this  pipe  169  cubic  feet  of  concrete  in  place  required  214  cubic 
feet  of  solid  materials,  measured  loose,  or  243.2  cubic  feet  of  solids 
and  liquid.     This  pipe  required  0.88  barrel  of  cement  to  one  cubic 

yard  of  concrete. 

Pipe  No.  2. 

Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  2, 

Parts. 

Cement,  Gillingham 1 

Sand 2 

Gravel  refused  on  1-irich  mesh  and  paf^sing  through  2 j-inch  meeh 1.6 

Gravel  refused  on  half-inch  mesh  and  pa^^sing  tlirough  1-inch  mesh 1.6 

Water 8 

In  this  pipe  169  cubic  feet  of  concrete  required  243.75  cubic  feet  of 
solid  materials,  measured  loose.  This  pipe  required  1.27  barrels  of 
cement  to  1  cubic  yard  of  concrete. 

Pipe  No.  3. 

Dimensions  and  armor  same  as  No.  1.  Half  of  the  water  used  in 
the  construction  of  this  pipe  was  mixed  with  soap  in  proporUow  ol 
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one-half  pound  of  soap  to  1  gallon  of  water,  and  the  other  half  was 
mixed  with  1  pound  of  alum  to  4:  gallons  of  water.  The  materials  are 
in  the  following  proportions: 

Material  used  for  concrete  for  pipe  No,  S, 

Parts. 

Cement,  Ideal 1 

Sand 2 

Gravel,  half-inch  mesh 3. 2 

Water 1 

In  this  pipe  169  cubic  feet  of  concrete  in  place  required  284  cubic 
feet  of  solid  materials,  measured  loose,  or  272  cubic  feet  of  solids  and 
liquid.  This  pipe  required  1.6  barrels  of  cement  to  1  cubic  yard  of 
concrete  in  place. 

Pipe  No.  4. 

Dimensions  and  armor  same  as  No.  1. 

Material  used  for  concrete  for  pipe  No.  4- 

PMts. 

Cement,  Ideal 1 

Sand 2 

Gravel,  all  half-inch  mesh 4 

Water 06 

In  this  pipe  it  required  247  cubic  feet  of  solids,  measured  loose,  or 
281  cubic  feet  of  solids  and  liquid  to  make  169  cubic  feet  of  concrete 
in  place.  This  pipe  required  1.4  barrels  of  cement  to  1  cubic  yard  of 
concrete  iu  phice. 

Pii'K  No.  5. 

DimenHions  and  armor  samo  as  No.  1. 

Material  usaf for  ronrretc  fn'  pipe  Xo.  .5. 

Parts.  Parts. 

Lime  paste I 


CeiTicntin«;  material 1 

Sand 2 

Fine  trravcl 4 


Cement,  Ide^il 2 

Sand <> 

Fine  gravel 12. 

This  pipe  rciiuired  223  cubic  feet  of  solids  jind  paste,  measured  loose, 
to  make  1(19  cubic  feet  of  concrete  in  place.  Th(^  amount  of  water 
used  was  not  measured.  This  pipe*  nMjuired  0.S4  barrel  of  cement 
and  81  pounds  of  lime*  paste  to  1  cul)ic  yard  of  concr(^te  in  place. 

PiPK  No.  0. 

Dimensions  and  armor  same  as  No.  1. 

Material  aneil  for  roncrrtf  for  />i]u-  X<k  f>. 


Parts.  Parts. 

Cement,  (Tillinphani ll 

Lime 1 


.1  or 
Sand 4 

Water 2) 


( Vmentin^r  niat<Tial 1 

Sand 2 


Small  ^ravrl 4 

Water 1 


METHOD  OF   PIPE  CONSTRUCTION. 


TliiH  pij>o  rtHiiiiriHl  252  vwMw  h^^i  of  H^iids,  iiu*asart*d  Iuohc,  and  288 
cubic  feet  of  ^ioiids^  and  liquid  t**  mukn  nil)  v\ib\r  feet  of  cotiurcte  in 
place.  It  hftd  0.t>*i  bsirr*?l  of  oeiULnit  lUid  1^8  poujid;*  of  lime  to  1 
cubic  yard  of  concrete  in  pkce. 

Pii>«  No.  7. 

Inj^ide  diameter,  5  feet;  thickness  of  i*liell,  B  inches;  length,  30  feet; 
steel  armor  composed  of  41  piece:^  of  half -inch,  round,  welded  steel 
rod,  held  in  place  by  8  8teel  rods  one-half  inch  in  difimeter  and  20  feet 
in  length.     This  armor  is  set  If  inches  from  inside  of  shelL 

Materuii  used  for  eoncreUfor  pipe  No*  7- 


Cementing  material  ..*. ____      1 

Sand .__ ,.,       2 

flmall  gravel- ^^^.      4 


Cainent,  Ideal  ,.->,,,, .,,,  I 

Lime  paste i^ 

Sand„--- 3 

8iD&tI  gmvel 6 

This  pipe  required  262  cubic  feet  of  Holids  and  jmste  to  make  172 
cubic  feet  of  concrete  in  pla<*e»  It  wa*)  made  with  the  intention  of 
testing  the  elastic  limit  of  the  nteel  and  concrete  together  a^  compared 
with  the  elastic  limit  of  the  ntecl  alone,  but  it  will  be  seen  from  a 
perusal  of  the  experimentrt  that  thiH  was  impractic-ablo  on  account 
of  the  leakage* 

METHOD  OF  PIPE  CONSTRUCTION. 

The  method  of  construction  shown  in  PI.  I  may  be  briefly  described 
as  follows: 

Nine  rectangular  frames  of  4-  by  O-inch  rough  pine  lumber  are  first 
set  up  on  the  line  of  the  pipe,  about  2^  feet  from  center  to  center. 
These  frames  are  about  7  feet  in  width  inside  and  8  feet  in  height. 

The  sills  of  these  frames  are  cut  out  to  the  form  of  the  lower  seventh 
of  the  outside  surface  of  the  pipe,  and  are  sunk  into  the  ground  until 
the  upper  ends  of  the  arcs  are  even  with  the  surface  of  the  ground. 
The  frames  are  then  steadied  and  braced  in  their  true  line,  and  the 
material  of  the  ground  surface  is  removed  to  the  form  of  the  lower 
part  of  the  outside  surface  of  the  pipe,  as  indicated  by  the  buried  sills. 

Tarred  paper  is  now  laid  over  tliis  surface  to  prevent  undue  absorp- 
tion of  moisture  from  the  cement  by  the  earth  or  by  dry  material. 

A  long  sill  is  then  laid  on  top  of  the  frames  on  center  line,  as  shown 
in  PI.  I,  A,  and  from  this  the  steel  armor  is  suspended  and  held  in 
place  by  a  few  small  blocks,  which  are  removed  as  the  concrete  work 
reaches  them.  The  wooden  form  for  the  inside  surface  of  the  pipe  is 
now  placed  inside  the  pipe  in  four  sections  and  nailed  together  with 
intersecting  chord  pieces  to  form  the  upper  six-sevenths  of  the  6-foot 
circle.  This  form  is  then  supported  inside,  in  its  true  position,  by  two 
pieces  of  2-  by  12-inch  plank  the  full  length  of  the  pipe  and  extending 
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beyond  it  at  the  ends.  These  planks  are  supported  on  two  vertical 
pieces  of  2-  by  8-inch  timber  notched  and  held  in  place  by  spiking  to 
the  end  frames. 

This  ari-angcment  is  exhibited  in  PI.  I,  By  which  shows  the  inside 
form  and  steel  armor  all  ready  for  commencing  the  concrete  work. 

The  first  batch  of  concrete  is  laid  on  the  tarred  paper  on  the  surface 
of  the  ground.  This  concrete  has  to  be  carried  in  buckets,  and  depos- 
ited quickly,  and  tamped  through  and  under  the  steel  armor  for  the 
full  length  of  the  pipe.  Special  tampers  are  made  to  fit  between  the 
rings  and  care  is  taken  to  keep  the  rings  in  their  proper  position  until 
they  are  thoroughly  covered  with  concrete.  A  wooden  templet  of 
the  shape  of  the  inside  of  the  pipe  is  fixed  at  each  end  to  guide  the 
workmen  in  shaping  the  inside  surface  of  the  lower  one-seventh  of  the 


Fm.  1.— DiHjfmmraatic  nxjtiun  of  pipe,  HhowiiiK  directions  of  Uimping. 

pipe.  This  templet  is  plainly  seen  in  front  of  PI.  I,  B;  the  work- 
man's trowel  is  pointing  directly  to  it.  The  two  lower  sections  of  the 
outside  form  are  also  in  place,  so  that  as  soon  as  the  inside  seventh  of 
the  pij)o  i«  completed  the  concrete  can  l>e  run  in  and  tamped  from  the 
outside  and  the  work  of  laying  it  can  be  carried  on  continuously  until 
th(»  pipe  is  completed. 

When  the  concrete  has  reached  the  top  of  these  sections,  another 
section  of  the  outside  form  is  added  on  each  side,  and  so  on  until  the 
upper  part  of  the  pipe  ts  reached,  where  there  is  no  longer  any  neces- 
sity for  an  outside  form.  The  sections  of  the  outside  form  are  seen 
pil(»d  up  in  the  foreground  of  PI.  I,  .1,  and  the  method  of  fastening 
them  to  tlie  outside  fmmes  is  shown  clearly  in  PI.  I,  B, 

The  lower  seventh  of  the  pipe  is  tamped  from  the  inside  of  the  pipe 
in  the  direction  of  th(»  pressure,  and  the  upper  eighth  of  the  pipe  is 
tanipcKl  from  the  outside  in  a  direction  op^wsite  to  that  of  the  pressure. 
Th(»  remainder  of  the  pipe  (marked  A,  A,  in  tig.  1)  is  tamped  in  a 
direction  normal  to  that  of  the  pressure,  or  in  what  may  be  called  a 
"'circumferential  direction.'' 
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WATER-SUPPLY   PAPER   NO.   t«      PL.  II 


A.     METHOD  OF  FINISHING  PIPE. 


B     PIPE  With  disks  set  ready  for  test. 


i7n«TOlff,l  APPARATUS    U6ED   FOH   TESTII^G    PIPES,  17 

The  ext>eriineiit8  yhow  a  marked  difference  in  the  degrt^e  of  perme 
ihility  of  the  eontn*te  when  tamped  in  tho.se  different  diroctinni^. 

All  of  the  pqws  were  made  un  the  aanie  S]X>t,  a^  shown  by  franie- 

pfork  in  PL  I,  ^4,  and  when  hard  enough  were  rolled  ov^r  to  ieft  and 

right  alternately,  to  give  room  for  the  t^onnt ruction  of  the  next  pipe. 

Eaeh  pipe  was  kept  wet,  both  in.side  and  outside^  for  at  lea^st  one 

wreek  after  eompletion,  and  the  last  three  pipe?^  were,  in  additioai 

covered  with  canvas  to  pix:)teet  them  from  the  v^y^  of  the  sun. 

The  concrete  was  all  mixed  by  hand  in  the  follow^ing  w*ay: 

In  the  ca^^e  of  sand,  cement,  and  gnivel,  the  isand  and  cement,  after 

loose  meaiiureinent  in  boxes,  way  tirst  shoveled  over  three  timesi  dry; 

the  gravel  was  then  added  and  the  entire  mas^s  turned  over  twice  dry 

and  three  times  wet,  the  last  time  with  a  hoe,     Jt  was  then  shoveled 

I II la  buckets  and  wheelbarrows  and  laid  in  the  pipe,  where  it  was 

thwTOOghly  tHmped.     The  bueketjii  were  used  for  the  lower  seventh  of 

th^pipe;  the  wheelbarrows  were  used  for  the  sides  and  top  of  the  pipe. 

B,  lU  -4,  shows  method  of  tinishing  upper  part  of  pipe, 

Jnthe  case  of  sand^  cement,  gravel,  and  lime  paste  (pipe  Ko,  5)  the 

paste  was  measui-ed  in  boxes  in  the  same  way  as  the  other  material, 

wiifitbe  mass  mixed  just  as  before;  but  in  the  case  of  pipes  Nos.  t)  and 

^   the  lime  p*iste  ivas  mixed  with  the  water,  and  the  lime  water  was 

iiscd  for  wetting  down  the  concrete  during  the  process  of  mixing. 

The  work  was  all  done  in  a  careful  nnd  painstaking  manner,  as 
^^rly  a,s  possible  in  the  way  in  which  it  would  be  done  on  any  ordi- 
nary piece  of  work  in  the  field,  under  careful  supervision  and  inspec- 
tion. The  first  pipe  of  this  series  was  com])leted  on  August  29,  lt)OS, 
m\  rh+^  \n<t  pipe.  No.  T,  wn^  completed  on  October  IT,  ]9(rPi.  Tn  the 
meantime  all  of  the  finished  pipes  were  kept  well  wet,  both  inside  and 
outside,  so  that  the}"  were  thoroughly  seasoned  when  the  tests  were 
commenced. 

The  pipes  were  all  carefully  squared  up,  and  true  planes  were  made 
at  the  ends  with  mortar  composed  of  one  part  cement  to  one  part  sand, 
^th  a  small  quantity  of  lime  paste  to  retard  setting.  This  was  done 
to  make  as  perfect  a  joint  as  possible  betw^een  the  cast-iron  ends  used 
in  testing  and  the  pipe  itself. 

APPARATUS  I  8KD  FOR  TESTING  PIPES. 

To  fill  the  pipes  with  water  and  make  the  ends  tight  under  pressure 
two  cast-iron  disks,  with  suitable  reenforcing  ribs,  were  made  and  held 
in  place  by  steel  rods  passing  through  the  pipe  and  both  disks.  The 
inside  faces  of  these  disks  were  perfectly  smooth,  plane  surfaces,  as 
shown  on  PI.  III. 

To  prevent  leakage  between  the  disk  and  the  end  of  the  pipe  a  ring 
of  round  rubber  tire,  IJ  inches  in  diameter,  was  placed  between  the  disk 
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and  the  shell  of  the  pipe,  and  when  the  rods  were  tightened  by  the 
nuts  at  each  end  this  gasket  was  flattened  on  the  end  of  tiie  pipe  and 
fonned  a  most  effectual  and  ti|^t  joint  under  low  prenares.  It  was 
found,  however,  that  under  high  pressures  the  gasket  was  stretdhed 
at  the  joint,  which  was  not  vulcanuBed,  and  forced  toward  the  outride  of 
the  pipe  and  caused,  leakage.  To  remedy  this  a  ring  of  i-  by  1-inch 
bar  steel  was  placed  around  the  gadcet  and  between  the  disk  and  the 
end  of  the  pipe,  and  no  further  trouble  arose  ikre. 

In  PL  II,  Bf  one  of  the  disks  is  clearly  shown  on  the  end  of  pipe 
No.  2.  The  pipe  is  all  ready  for  testing.  The  small  pipe  to  the  left 
of  the  gage  is  designed  to  allow  air  to  escape  when  the  pipe  is  bring 
filled,  each  pipe  being  raised  at  one  end  so  that  the  air  can  be  ezpdled 
before  pressure  is  applied. 

The  connection  to  the  right  of  and  below  the  gage  is  for  filling  the 
pipe  from  the  city  water  pipe  in  the  yard.  The  pipe  in  the  lower 
left-hand  comer  is  connect^  with  a  pump  for  raising  pressure  above 
city  water  pressures.  The  large  connection  in  the  lowest  part  of  the 
disk  is  for  emptying  the  pipe.  The  eye  in  the  upper  part  of  the  disk, 
to  the  left  of  the  center,  is  for  the  purpose  of  holding  the  disk  when 
the  rods  are'  being  adjusted.  Each  disk  weighs  about  1,600  poands, 
and  was  raised  to  its  place  by  a  differentiri  pulley  hung  from  the  light 
frame  shown  at  the  farther  end  of  the  pipe. 

The  disk  at  the  farther  end  of  the  pipe  is  exactly  similar  and  sym- 
mctncal  with  the  one  shown,  but  has  no  pipe  connections,  as  they  are 
not  needed. 

PI.  IV,  J,  shows  another  pip<;  under  test  with  pump  and  hose 
ronipleto. 

PI.  IV,  B^  shows  the  method  of  raising  the  pipes  at  one  end  after 
they  had  been  rolled  to  one  side. 

Each  pipe  weighed  about  10  tons,  and  had  to  be  raised  with  jack- 
screws  and  a  sling  of  manila  rope,  as  it  was  found  impracticable  to 
raise  it  by  wedging,  the  material  of  the  pipe  being  easily  injured  at 
the  ends,  where  it  was  needed  in  perfect  condition  to  allow  a  tight 
joint  between  disk  and  pipe. 

TKST8. 

The  pipes  lay  in  a  position  nearly  east  and  west,  the  east  ends  being 
shown  in  the  front  of  all  photographs. 

PIPE  NO.  I. 
PLASTER  IJNINGS. 

On  October  19,  1903,  this  pipe  was  covered  on  the  inside  with  one- 
half  inch  of  plaster.  Four  plasters  were  used,  the  section  covered  by 
each  plaster  being  6  feet  in  length. 


-\ 


tm^  *tr  Wi 


I  composed  of  1  part  cement  to  IparfTTne  mnA, 

Pla,*4ter  No*  2  was  composed  of  1  part  cem<^nt  dud  1  part  fine  sand, 
mixed  with  aiuoi  and  .soap  mixture -alum,  1  per  cent  bj  weight  of 
cement  and  sand;  sotip,  1  per  cent  by  weight  of  water. 

Plaster  No,  3  wa^^  compO!^ed  of  1  part  lime,  2  parts  cement,  and  0 
parts  sand. 

Pliiiiter  No»  4  wa^  compo^d  of  i  part  lime,  1  part  cement,  and  3f 
parts  tine  saad. 

The  plasters  were  kept  well  wet  for  several  dajs  after  completion, 
and  the  test  of  the  pipe  wa.^  not  made  until  Februury  26,  X9(H, 

PtPB  No.  1,  Tbjft  1. 


The  results  of  the  first  test  of  pipe  No.  1  are  shown  in  the  following 
t   table: 

TeMlofpipeN^hh 


DMt. 


Feb.    26 


Feb.    27 


Feb.    28 


Feb.    29 


BcraiT. 


9.08  a.  m. 
12.S8p.  m. 
12.60  p.  ra. 


I.Ater. 


l.m  p.  m. 
3.00  i>.  m. 
3.20  p.  m. 
4.45  p.  mt 
5.00  p.  m. 

8.00  a.  m, 
2,00  p.  m. 


lL30p,m. 

S.0O  a,  m. 
5^.00  a.  111. 


0 

0 

15 


L'3 

20 

24. 
25. 

25 


ObHerrntJooiL 


15 


14.5 


Wat^r  turned  into  pipe* 

Pipe  fulK 

Leakage  t>e^n.  Eepeeially  strong  along  a  longU 
tudiiml  ew?arii,  hereinafti*r  desijtnaleci  as  a  **lamp' 
Uijr  seam^  * '  muaed  by  necessiry  delay  hiadj  ualmeivt 
oi  form. 

CJage stationary;  inflow  connte«rlialanee<l  byl«ikagt*. 
South  aide  (most  exptsetl  to  »uii)  b  porows  and 
1  ea k&  had  I y .  K ^>  I ea k a^e  from  top  section ,  w  h  k h 
was  tami>e(l  without  form. 


f^fcakajt!*^  on  north  aide  df^'reaaed  fully  20  per  trent. 

Decrcas©  of  75  per  cent  in  entire  leakage, 

Xo  leakage  in  top  aetition.     Prea&ure  turned  off  for 
I      night. 

I  Only  20  pt*r  cent  of  initial  leakage  persiat** 

I  Top  siection  ?hows  little  n^oiKure  only.  North  aide, 
.  l<t"akii^e  alruuf^t  i^awd.  South  aii^e,  leakage  de* 
I      creasing;  laitanoe  appearing. 

Preiawre  continued  all  night 

Ganket  blown  out  muaing  gmail  leak. 

Pipe  leaking  on  uouth  ^ide  only. 

Preeenre  continued  all  ni^ht 

Not  leaki  ng  appreclabl  y  ex  cept  at  gasket.    LaitancB 
oozed  oat  J  nearly  stopping  nolea  in  pii>e. 

Pipe  emptied  to  repair  gaaketi 
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Of  the  four  plasters  applied  to  the  inside  of  the  pipe,  as  described 
on  pa^e  W^  it  was  found  that  No.  4  allowed  the  smallest  amount  of 
leakage,  while  Nos.  L,  2,  and  8,  in  order,  rank  next  in  effectiveness. 

When  pipe  No.  1  was  !>cing  constructed  the  sections  next  to  the  top 
on  both  sides  were  made  of  dry  mixture,  by  order  of  Mr.  W.  H.  San 
dcrs,  as  the  watery  cement  was  oozing  from  the  boards  at  the  bottom. 
It  is  remarkable  that  these  two  sections  of  18  inches  each  show  greater 
leakage  and  more  gravel  uncovered  with  mortar  at  the  outside  surface 
of  pipe  than  the  other  sections.  The  other  layers  were  put  in  very 
wet  and  the  boards  of  the  forms  were  coated  with  a  layer  of  almost 
pure  cement. 

When  the  water  was  drained  off  and  the  disks  were  removed,  an  exam- 
ination of  the  inside  of  the  pipe  revealed  a  hair  crack  the  full  length 
of  the  pipe  on  the  south  side,  at  the  junction  of  the  last  section  with 
the  top  section.  This  crack  crossed  all  the  mortars  and  was  evidently 
due  to  a  slight  3'ielding  of  the  concrete  before  the  strain  could  be 
taken  up  1)}^  the  steel  armor. 

This  pipe  was  made  with  gnivel  of  different  sizes,  with  the  idea 
that  it  might  ho  less  iK)rous  than  a  pipe  with  gravel  of  a  more  uniform 
size.  It  must  he  sulmitted,  however,  that  the  tilling  up  of  the  inter- 
stices of  the  <'oarser  material  Iw  the  finer,  which  appears  so  plausible 
in  theory,  is  most  difficult  to  accomplish  in  practice. 

Th(^  cnick  d(»vol()]^od  in  the  pipe  shows  that  some  lining  or  plaster 
of  an  clastic  as  well  as  of  an  impermeable  nature  miust  be  found 
before  those  ])ipos  can  lu>  placed  under  nuich  pressure.  A  great  many 
of  the  oxperinients  have  this  end  in  view. 

No  arran<rcments  had  been  made  up  to  this  time  to  measure  the 
amount  of  the  leaka<^e  from  th(»  pipes.  It  is  evident  that  although  a 
pipe  might  eventually  dry  u])  to  .such  an  extent  under  pressure  as  to 
reduce  the  leakage  to  an  inappreciable  amount,  it  might  leak  suffi- 
ci(»ntly  before  drying  up  to  endang<M*  its  foundation,  and  cause  the 
destruction  of  tin*  pipt*  pi(»cenieal.  This  would  depend  to  some  extent 
upon  local  conditions  and  the  nature  of  the  material  on  which  the  pipe 
rested.  It  will  be  s(»on  from  this  oxperinKMit  that  the  leakage  is  very 
nuich  reduced  by  tiin(\  but  it  is  doubtful  whether  this  fact  could  often 
be  used  to  advantage  in  practice,  for  tluv  above-mentioned  reasons. 

The  ])ractically  constant  pnvssuro  of  the*  city  main  was  found  to  be 
much  more  advanUigoous  for  working  on  these  \n\){^s  than  the  pressure 
d(»veloi)0(l  by  pumping.  A  (juantity  of  laitance  a|)i)eared  on  the 
outside  surfac<*  of  all  pipes  a  few  hours  after  they  were  put  under 
pressure,  and  more*  or  less  matter  composed  of  lim(»  particles  was  con- 
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WATER-SUPPtV  PAPER  NO.  ^4*     PL.  IV 


A.     PIPE  UNDER  TEST. 


B.     METHOD  OF   RAISING  END  OF  PIPE. 


ciirrosij  TESTS* 

tantly  exuding  from  them.  Experience  hag  shown  that  this  mate- 
ial  i^i-adtmlly  fillj^  up  the  pore8  and  renders^  the  pipe  more  imperviouH. 
V  high  pressure  applied  suddenly,  a.s  in  pumping,  would  t^nd  to  forw 
hL^  matter  rapidly  through  the  pore.^  and  a  great  deal  of  it  would 
M>  lost;  whereas  a  slow,  steady  presisure  would  naturally  peraiit  a 
frt*ater  deposit.  Aw  a  matter  of  fact  few  of  the  pipes  or  mortars 
vere  sufficiently  impermeable  to  call  for  the  aid  of  the  pump  in  te^t*! 
n^,  AB  the  city  pressure  varied  l>etween  B7  and  42  pounds  to  the 
«)uare  inch,  and  this  was  as^  much  as  most  of  the  pipes  would  stand 
Yithout  leaking  so  much  as  to  endanger  their  foundations. 


PiPK  No,  1,  Tbst 


M 


As  stated  above  (p.  18),  this  pipe  was  coated  inside  with  four  piasterflr 
n  5- foot  ^ectionii-     It  received  an  additional  coating  of  two  coats  of 
P,  &  B,  waterproof  paint  on  the  east  half  and  two  coats  of  Sylvester 
A^ash  on  the  west  half*     On  March  11,  l^lH,  at  7.45  a,  m-,  city  watt^r 
ffas  turned  on  and  gage  immediately  rose  to  35  poundf^.     Fjeakagoj 
lemme  free  for  the  >south  side  of  the  pipe,  arid  was  about  twice  aa 
uuch  Its  on  the  north  side,  while  the  iM>rtions  covered  by  the  1*.  &  BJ 
[laint  did  not  leak  one-half  as  much  as  those  covered  by  the  Sylvesterl 
tva^^h.     This  was  very  evident  on  top,  whirh,  in  the  section  covered  liy 
P*  <fe  B*  paint,  showed  barely  a  trace  of  moisture,  but  seven -eighths  of 
:,he  surface  of  the  section  covered  by  phister  No.  4  was  moist*     This^ 
ivas  th*?  plaster  which  showed  the  slowest  percolation  under  test  No.  1. 

At  9  a.  m.  the  gage  registei-ed  36  pounds  and  the  leakage  was  "Jf 
^llons  per  minute. 

At  10  a.  m.  gage  registered  37  pounds.     Leakage  about  the  same. 

At  3  p.  ra.  the  pressure  was  reduced  to  30  pounds  and  the  leakage 
imounted  to  2i  gallons  per  minute. 

PIPE  NO.  2. 
PLASTKK   LININGS. 

This  pipe  was  covered  on  the  inside  October  20,  1903,  with  a  half- 
nch  coat  of  two  different  plasters,  the  section  covered  by  each  plaster 
>eing  10  feet  in  length. 

Plaster  No.  1  at  the  east  end  was  composed  of  1  part  cement  and  3 
>arts  sand,  loose  measurement. 

Plaster  No.  2  at  the  west  end  was  composed  of  1  part  cement,  one- 
lalf  part  lime,  and  4i  parts  sand,  loose  measurement. 
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Pipe  No.  2,  Trot  1. 
The  results  of  the  first  test  of  pipe  No.  2  are  as  follows: 

Test  2  of  pipe  No.  2. 


[Ko.  148. 


Date. 


Mar.      1 


Mar. 


Hour. 


9.00  a.  m. 
11.30  a.  m. 

11.45  a.  m. 

12.00  m. 

1.30  p.m. 

1.31  p.m. 

1.32  p.m. 
2.00  p.  m. 

2.45  p.  m. 
4.00  p.  m. 
4.15  p.m. 
4.30  p.  III. 
5.00  p.  m. 
8.05  p.  m. 


Preasure. 


Pounda. 
0 
0 

0 

0 


13 
25 
25 

29 

31 

31 

31.5 

31.75 

35 


OlMervatioiu. 


S.25p.m.  !    35 
7.40  a.m.  ' 


Water  tamed  into  pipe. 

Leakage  from  2  pin  holes,  north  side,  one-third 
way  up. 

Leaka^  from  3  more  pin  holes  on  south  side,  east 
section,  along  line  of  *' tamping  seam." 

Leakage  from  5  more  pin  holes  on  south  side  at  a 
*' tamping  seam;'*  4  in  east  section,  one  in  west 
section. 

Pipe  full  and  pressure  developed. 

Strong  leakage  commenced. 

Gage  stationary,  leakage  counterbalances  inflow. 

Leakage  on  south  (sunny)  side  twice  as  great  as 
on  north.     Practically  no  leakage  on  top  section. 

I^eakage  decreased  generally. 

Leakage  still  decreasing. 

Laitance  and  lime  particles  exuding  freely. 

Ticakage  water  shows  lime. 

Kntire  top  nection  sweating  freely.  Lime  forming 
rapidly  where  leakage  is  greatest. 

Pressure  continued  all  night. 

Gasket  on  west  end  blown  out.     V\\\^  empty. 


The  city  pressure  in  the  mains  is  greatest  early  in  the  morning, 
when  the  draft  on  the  reservoir  is  least  and  the  inflow  has  raised 
th(»  water  to  its  maximum  level  for  that  day.  It  is  presumed  that 
wh(»n  this  pressure  came  on  the  pipe  the  friction  between  the  disk  and 
the  rubber  was  not  great  enough  to  hold  the  gasket  in  place  and  it  blew 
out  at  the  joint.  As  the  pressure  had  remained  for  about  20  minutes 
at  85  pounds,  it  is  presumed  that  the  leakage  had  continued  to 
decrease  and  the  pressure  to  rise  accordingly  until  this  accident  hap- 
pened .^ome  time  during  the  night.  To  prevent  a  recurrence  of  this 
trouble  a  welded  steel  ring  of  section  one-half  by  1  inch  and  lar^e 
enough  to  fit  around  the  gasket  when  under  pressure  was  made  for 
(»ach  end,  and  these  were  placed  in  position  and  the  heads  were  screwed 
up  a  (juarter  of  an  inch  tighter  than  l^efore. 


Ptf  H  No.  U,  TfiffT  2. 
ic  result**  of  the  aecond  t-est  of  pipe  No.  2  arc  as  follow;*: 
Ta*  if  of  pipe  No,  2. 


i 


Bxmx. 


SJOp.m. 

9.45  jj.  m* 
d.fifi  p.  nu 


10J(>p.uh 
7.40  a-  ni. 

7.4K  (I.  m. 

T.49  u.  in, 
KJM>  ft.  ITI. 


ft.55  rt,  rtL 

1U5  a.  m. 
n.lSa.n*, 

4.4''j  p.  m. 
4.45  p*  rii, 
5.aip.  m. 


7.4ti  u.  iiu 


SO 

3a,  5 


M^ 


2h 


:vi,  75 
:m.5 

:j5 
:^5 

15 
15 


in 


DbnervAttoiui. 


Water  turned  into  pipe, 

Kpe  lljret^fourlhs  full.  I^Utrht  Bwt'4itinjj  tiii  lawor 
fiart  of  iKirth  i^ide  of  east  naif  imd  oummtli  »iJu 
o f  wa«t  !i al  f .     (.1  &»k etH  an ( 1  r* i* I  w anh * ' ra  tijf h t. 

PijM^  full  and  air  \'t»iit  cloatni. 


licojcage  in  Rilrcak]^  on  both  nidc^  most  on  Boutb, 
iiooe  on  top. 

Ltmkai^^  woret  on  ec^uth  side  but  lej^  tfian  iti  U'St 
K  IdtAHce  and  linte  i^rtkles  baving  domnl  m>mt? 
ill  tli«  tmr^H  iif  tbt^  pi(i«,  WattT  spurtji  to  a  dlw- 
tan  I  If  o{  4  feet  frojn  lai)^  pin  htile  near  top  on 
We»t  end. 

PriJBSure  nhat  off  for  ni|;tit. 

Vi\m  Hv^  eating  and  dripfiln^  at  nuinerpui^  p<»inti<i, 
mostly  Dear  eant  enU.     \VaU"r  turned  into  pipe. 


Vxi^  full. 
age. 


See  dieeiitfHUjn  l^tdow  on  arnuinjtof  leak- 


I^^kage  free  on  ^ywXh  8) da.  At  east  qnd  on  soiath 
Hide  tliere  1^  a  jnnetion  of  tbe  txtttoin  iiTir)  next 
eeetion  al>nve.  Water  atitl  spoute  4  feet  froni 
lai^e  pin  hoJe, 


7.4«a.  rn. 

m 

7.49  a.  rn. 

m 

8JW  a.  tw. 

:t5 

%:m  a,  nu 

:^.5 

1fll5a.  ni. 

, .  U'jika^^e  meaaureil  on  weJr  ehowi  about  S  gallonit 
1}     iit*r  minute,  or  livy  times  a^^  mucb  aa  wh^u  pipe  m 
Mill  but  under  nu  i*rt*«Hure. 

Pri>iHure  rednet^  to  15  |K:tunds  for  tbe  nif^ht. 

jA'akiti^e  uKni-^uivd  I  in  weir  rme-balf  eallon  per  min- 
ute, ^*bowin|^  tbat.  port^  buil  tilletf  np  Bomewbat 
I  hiring  ibiy,  us  it  bad  lejiki^^l  0.6  per  minute  dnr- 
itiK  jirevlmiiH  ni^bt,  when  under  no  preesur**^ 

Jrirrerti***  iti  preHj^ure  dv;e  to  inrrease  in  eity  maiui 
Pi^K-  ttvveutinj^  freely,  0^3(1  gallon  per  minute, 
Full  fity  p reassure  tunuHl  on. 


Weir  indicated  leaka^ze  of  2.25  gallons  per  minute^ 
a  *jeniiil>le  decrease  from  day  pmvious, 

One~i  nt:b  tin  wei  r  mibatitute^i  f or 2*int'b  weir,  8ho ws 
leakage  of  *1  |^dlon«  \^*t  minute.  Greater  fwtrt  of 
leakage  at  onesixit  near  txtttoni  of  pijieat  east  end. 

Pi;ie  i<iivptled  and  examine. 
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It  will  be  noted  from  the  above  table  that  on  March  3  at  7.40  a.  m. 
the  water  was  turned  into  the   pipe  and  in  8   minutes  it  was  full, 
indicating  that  the  pipe  had  leaked  when  not  under  pressure  during 
the  night  a  quantity  equal  to  the  run  of  the  faucet  for  8  minutes.    Pipe 
No.  1  required  3  hours  and  50  minutes  to  fill,  and  No.  2  required  4i 
hours;  the  content  of  each  pipe  with  heads  screwed  tight  is  about  395 
cubic  feet.     Taking  the  mean  time  of  filling  the  pipes  as  250  minutes, 
the  flow  from  the  faucet  would  be  1.58  cubic  feet  per  minute,  and  this 
multiplied  by  8  equals  12.64  cubic  feet,  which  represents  the  leakage 
during  the  night  when  no  pressure  was  left  on.     This  leakage,  equiv- 
alent to  92i  gallons,  occurred  in  9i  hours  of  the  night.     This  means  a 
leakage  from  the  pipe  when  not  under  pressure  of  10  gallons  an  hour 
or  0.6  of  a  gallon  per  minute. 

Provision  was  then  made  for  measuring  the  leakage  from  the  pipe 
when  underpressure  by  making  drains  beneath  it  for  collecting  all 
the  leakage  water  and  leading  it  to  a  small  tin  weir  2  inches  long. 

The  sand-cement  plaster  lining  contained  a  perfect  network  of  hair" 
cracks,  while  the  lime-cement  plaster  showed  hardly  any.  The  great- 
est leakage  appeared  to  be  in  the  east  section  of  the  pipe,  which  ha(fl 
been  plastered  with  the  sand-cement  mixture. 

Both  sides  of  the  pipe  were  thickly  covered  with  laitance  and  lime^ 
deposits,  but  very  little  of  either  of  these  appeared  on  the  top  of  the^ 
pipe. 

Pipe  No.  2,  Test  3. 

This  pipe  was  ori^^iiuiUy  treated  with  two  kinds  of  cement  mortar, 
and  when  tested  the  first  tinio  showed  a  leakage  of  3  gallons  per  min- 
ute under  a  pressure  of  87  pounds  per  scjuare  inch.  It  wa.s  then 
washed  on  the  inside  of  the  east  half  with  two  coats  of  pure  cement 
>>ash,  and  on  the  west  half  with  two  coats  of  Sylvester  wash. 

Test  ;i  <{f  /tipc  Xo.  J. 


l)jtt»'.       '  Hour.  Frossuro.  ohscrvatioiis. 


I'oinuh. 
Mar.     17       7.80  a.m.  '.V2     No  leakage  below  (h in  juv.'isun'. 

!  ;i5  ,  lA'aka^  1  gallon  jkt  minute. 


Top  section  of  the  j)ij)eslio\v.>^  moisture  only  in  spots 
ov(*r  almut  one-third  of  its  area. 


0.  (H)a.  m.  I  'M\\  Leakatre  1  gallon  j>er  minute. 

10.00  a.  m.  :]7  '  Do. 

1.00]).  m.  'M)  I  Do. 

A.  (X)  p.  m.  ,  :J8  Do. 


'  I 


(Considerable  laitanre  formed  on  u[)per  half  of  pipe. 
Leakage  more  of  a  jj;eneral  sweat  and  less  tlowinjc 


streams. 


Mftr.    17 
Mar.    18 


Mar.    1» 


5,  00  p,  in, 
8. 00  a.  Ell. 

a  30  a.  ra. 
8. 15  a,  m. 


0 
22 

24 
35 


T^f^kago  alxitit  1  ^Tlon  per  TaiiutU". 
Biire  left  on  all  niffht> 


Full  c.ifypi?e«^ 


I.4f^ka|^^  2 A  lealloiiH  j^ier  miniUti;  ciiaist^d  probiiblvhy 
oi.H?tiing  of  ni*W'  [m  livilen  or  iftiiu^s  as  reaiiit  of 
*^KtTO-heavy  pre*^ure  on  pity  mftins  dev^lopiid 
ijuriag  the  night. 

Pipe  iillowed  tn  Tt^jimin  full  ull  day  ami  cinriitg 
night 

Full  city  pressure  turtitnl  on.  No  leabagy,  tjxtvjjt  at 
one  spot  in  bottom;  apparently  a  neritms  iiii|.i**r* 
fection  tn  pipe. 

Seepage  on  enrfat'e  oi  pi^H.^. 

Hweat  in  more  generate  bnt  not  ai<iiiitieb  aion  ]Sfar.  17, 


1 


Pii>e  No.  2,  Tttrr  4. 

Pipe  No,  2  received  a  eoat  of  Ricbardn  pla^ster,  whieh  ^vn^  plaectl 
over  the  planter  already  on  from  test  ii,  and  ^i  half  t^wk  of  tla\^  wan 
deposited  in  the  pipe  l*efore  the  heads  were  attachecL  On  April  'IH^  I 
IJ^iM,  thi^  pipe  was  lilled  at  2  p,  in.  I'rcsnure,  however,  was  not 
applied  till  2JM)  p.  in,,  mo  that  Mr,  RiehardH  might  be  present  at  the 
test.  There  wa^  alii^ohitely  no  moisture  vixsible  on  the  outdde  of  the 
pipe  up  to  thi.s  time.  This  was  not  the  ciLse  in  previoiLs  test^.  When 
tf)e  pres^iiire  wsis  n[^plieil,  the  gngv  ro^^e  steadily  until  it  reMf*he<l  -i'J 
pounds  and  fluctuated  between  82  and  34  pounds  for  half  an  hour 
before  any  leak  was  seen  except  near  the  bottom  on  the  west  end, 
where  there  was  supposed  to  be  a  flaw  in  the  pipe.  In  an  hour  there 
was  a  strong  sweat  at  several  places  on  the  outside  of  the  pipe,  but 
not  suflScient  to  allow  any  water  to  flow  away.  The  weir  showed  a 
leakage  of  nearly  2  gallons  per  minute,  nearly  all  of  which  came  from 
the  flaw.  At  5  p.  m.  there  was  a  trifle  more  sweat  on  the  pipe,  but 
the  ground  under  and  around  tlie  pipe  remained  dry,  except  at  the 
west  end,  where  the  flaw  was  located.  The  pressure  was  now  reduced 
and  the  pipe  was  left  under  a  low  pressure  all  night. 

In  the  morning  (April  29)  the  pipe  was  very  sweaty  under  a  pressure 
of  12  pounds,  although  there  were  several  dry  spots.  The  ground 
was  somewhat  moist  in  places,  but  was  not  soaked.  The  full  pressure 
was  now  turned  on,  and  the  gage  rose  to  35  pounds.  There  was  no 
visible  leakage,  the  surface  of  the  pipe  drying  off  rapidly  under  the 
influence  of  the  sun's  rays.  The  water  in  the  pipe  was  stirred  up  at 
intervals  to  keep  the  clay  moving.  The  pipe  remained  under  this 
pressure  all  day  without  any  apparent  change.  The  water  which 
escaped  through  the  flaw  was  colored  with  clay. 
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The  pump  was  applied  in  the  afternoon  and  the 
raised  to  40  pounds.  The  leakage  through  the  flaw  was  so  greit, 
however,  that  it  was  determined  to  remove  the  headtf  and  repair  tte 
flaw.  This  was  done,  and  on  May  2, 1904,  the  pipe  was  overhauled 
and  a  distinct  crack  was  found  in  the  plaster  over  the  flaw  in  the  pipe. 
The  plaster  was  chipped  off  for  about  8  feet  square,  and  the  impcarfeet 
part  of  the  pipe  itself  was  chiseled  out  to  a  depth  of  9  inches.  TUs 
was  filled  with  good  cement  mortar  and  allowed  to  set  thoroughly.  In 
cutting  into  the  crack  or  flaw  it  was  found  partly  filled  with  day. 

On  May  6  a  coat  of  Richards  plaster  was  placed  on  that  part  of  the 
pipe  that  had  been  repaired,  and  on  May  10  the  pipe  was  filled  at  noon. 
As  soon  as  the  pressure  was  turned  on  the  gage  rose  slowly  to  89 
pounds,  and  fluctuated  between  38  and  40  pounds  till  12.80  p.  m.,  when 
moist  spots  began  to  show  on  the  outside  of  the  pipe,  mostly  on  the 
south  side. 

At  1  p.  m.,  the  pressure  remaining  the  same,  the  total  amount  of 
moist  surface  on  the  south  side  did  not  exceed  1  square  yard,  while 
the  amount  on  the  north  side  did  not  exceed  li  square  feet 

At  1.30  p.  m.  the  sweating  had  spread  a  little  more,  the  pressure 
remaining  the  same.  A  little  leakage  around  the  gasket  at  the  west 
end  was  probably  caused  by  the  plaster  near  tiie  flaw  not  being  thor-- 
oughly  8et.  This  leakage  through  the  gasket  amounted  to  a  little  le8» 
than  one-tenth  gallon  per  minute.  The  pump  was  now  attached  and 
the  pressure  was  raised  to  53  pounds,  when  the  pipe  commenced  to 
sweat  considerably.  The  pi-essui-e  was  kept  up  to  this  point  for  fifteen 
minutes,  the  sweating  iiuTeascd  somewhat,  and  water  began  dripping 
in  places  alon^  the  south  side. 

At  2  p.  m.  the  pressure  was  raised  to  63  pounds  and  held  there  by 
pumping  for  two  minutes.  This  developed  a  very  strong  sweat  and 
a  small  leak  ne^ir  the  top  on  the  north  side.  The  dripping  increased 
to  such  an  extent  as  to  cause  water  to  gather  in  the  little  drains  at  the 
sides  of  the  pipe.  The  pressure  was  now  lowered  to  55  pounds  and 
held  there  till  2.45  p.  ni.,  when  the  leakage  amounted  to  half  a  gallon 
per  minute,  fully  one-fifth  of  which  came  through  the  gasket.  The 
pressure  was  maintained  at  from  53  to  5(5  pounds  until  3.45  p.  m.,  and 
the  clay  was  kept  in  motion  all  the  time,  the  weir  showing  an  increase 
under  this  constant  pressure. 

At  4  p.  m.  the  pressure  was  allowed  to  fall  to  that  of  the  city  mains, 
and  the  gage  registered  37  pounds. 

At  4.30  p.  m.  the  weir  showed  a  leakage  of  one-tenth  gallon  only, 
which  came  entirely  from  one  leak  at  gasket,  the  drip  from  the 
sweaty  sides  of  the  pipe  not  being  sufficient  to  make  the  water  flow  to 
the  weir.     The  pipe  was  left  under  pressure  all  night. 

On  May  11,  at  8  a.  m.  the  gage  registered  38  pounds,  the  weir  did 


not  show  any  flow,  and  thc^rt?  wan  scsircelj  any  drip  from  the  sides 
of  the  pi|)e.  Thi?  j>i|Mi  wiisi  ullowocL  to  t^Umd  under  city  prassure  and 
the  clay  stirred  up  occaMionally  until  3  p.  iik,  when  the  pump  wiis 
applit^d  and  the  prei^siirtj  iiiii*ed  to  55  pouudy.  At  this  prennnre  the 
weir  showed  a  leiikage  of  four-teutha  of  a  gallon  per  minute.  The 
pressure  wiu^  then  raised  txy  62  pounds  and  held  there  for  a  few  mitiuteN, 
and  thp  leakages  shown  1>y  the  weir  wan  three-foarths  of  a  gallon  per 
minute.  When  the  pre.ssure  ww^  reduced  to  55  pounds  the  leakage  fell 
to  four- tenths  of  a  gallon  jK^r  minute. 

The  pipe  remained  under  pressure  all  niglit,  and  at  8  a.  m,  on  May 
12  the  gage  read  3y  pounds  and  there  wan  no  drip  from  the  pipe.  The 
surface  on  the  outside  of  the  pipe,  however,  was  sweaty,  but  ttiis 
moisture  disappeared  to  a  great  extent  under  the  intluenee  of  the  j*un. 
The  pipe  remained  under  city  pre.ssin'e  all  day  {37-89  jiound;*)  and 
the  clay  was  kept  Mir  reel  up  occasionally,  but  there  was  no  apparent 
change  in  the  eunditiou  of  the  pii>e,  so  this  experiment  was  concluded, 
and  the  heads  were  mo  veil  to  No.  3*     This  wa^  a  very  satisfactory  te»U  j 

When  this  pi^je  was  thoroughly  washetl  inside  to  remove  the  clay,  it 
was  found  that  the  [ilast43r  was  still  soft.  This  might  uccount  for  the 
high  pi*essu re  which  tliis  pipe  stood,  as  a  harder  nnjrhir  might  have 
cracked  and  caused  greater  leakage.  A  ])laster  whj*4i  would  remain 
siioft  and  })lastic  for  a  long  time  might  {jossibly  atl'ord  a  solution  uf  the 
problenu  J 

Jt  will  be  olxserved  that  in  these  tests  the  amount  of  leakage  varies 
eons  i  d  e  ra  b  I  y  w  i  t  h  t  h  v'  sai  u  e  j  >  r essu  re  o  n  d  i  If e  re  n  t  p  i  p  es.  1 1  v\'  as  1 1 1  oug  1 1 1 
at  tirst  that  the  pressure  and  leakuge  should  be  proportional,  hut  a 
little  consideration  will  show  that  this  could  not  be  so. 

It  requires  a  greater  pressure  to  force  a  given  quantity  of  water 
through  twelve  small  holes  than  it  does  to  force  the  same  quantity  of 
water  through  one  hole  as  large  as  all  the  small  ones  together,  in  the 
same  time.  If,  therefore,  the  quantity  of  water  which  leaks  through 
a  pipe  with  only  one  opening  is  the  same  as  that  which  passes  through 
numerous  small  holes  in  another  pipe  in  the  same  time,  it  is  evident 
that  the  pressure  on  the  ])ipe  with  small  lioles  nnist  be  greater  than 
that  on  the  pipe  wMth  one  large  hole. 

We  may  conclude  then,  that  the  pressure  on  a  sweaty  pipe  will  be 
greater  than  on  a  pipe  with  a  few  well-detiued  leaks,  where  the  leak- 
age is  the  same  in  both,  in  the  same  time,  and  that,  with  the  same 
pressure,  the  leakage  may  vary  with  the  number  and  character  of  the 
openings  through  which  it  takes  place.  This  shows  the  great  import- 
ance of  careful  workmanship  on  pipes  of  this  kind.  Unfortunately 
this  class  of  work  is  most  frequently  done  with  unskilled  labor,  so  that 
the  practical  difficulties  in  the  way  of  producing  a  waterproof  pipe, 
for  a  reasonable  price,  are  thereby  much  increased. 
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EXPERIMENTS  ON   STEEL-CONCBETE  PIPES. 


[NO.  m 


PIPE  NO.  3. 
Pipe  No.  8,  Tbbt  1. 

This  pipe,  as  may  be  seen  from  its  composition  (p.  14),  was  made 
with  the  idea  of  testing  a  pipe  constructed  of  waterproof  material, 
and  no  coat  of  plaster  was  placed  upon  the  inside. 

Tent  1  of  Pipe  No.  S. 


Date. 


Mar. 


Mar.     K 


Huur. 

4. 00  p.m. 
5. 00  p.m. 

7.45  p.m. 
9. 15  p.m. 


9. 30  a.m. 

10.00  a.m. 

10. 80  a.m. 

10.45  a.iii. 
I  1 !.()()  a.m. 
I     4.(K)iMn. 


FresHure. 


OlworvHtionA. 


0       Water  turne<l  into  pipe. 

0    I  leakage  comment^  on  south  construction  side  of 
nipe;  in  general,  much  leas  leakage  than  in  pipes 
'      N08.  1,  2,  and  4,  as  tilling  proceeds. 

0    I  Leakages  from  pinholes  in  tamping  seams  at  bot^ 
torn  are  more  numerous  than  elsewhere. 

Pipe  full  and  pressure  turned  on.  Many  pin  holes 
develop.  T^eakage  exceeds  9  gallons  per  minute. 
Wpe  most  im|)ervious  of  any  yet  tested.  Pres- 
Hurt^  turned  down  for  night. 

leakage  9  gallonn  per  minute. 

Ix'akagi^  alK>ut  the  same. 

U»4ikago  8  gallouH  |x*r  minute. 

Do. 

Do. 
lx'aka<ro  <>  ^'iillons  per  minute. 


4 
5 

<>i 
7 

8 
II. \ 


In  the  tirst  ttvst  it  was  left  in  its  nmofh  state  inside,  just  as  it  came 
from  tlie  forms,  without  any  mortar,  and  the  hi^liest  pressure  that 
could  be  obtiiined  on  it  was  1;^  pounds  to  the  scjuare  inch,  with  a  leak- 
a<»*e  of  5  orjillons  jmm'  minut(\  As  the  h'akaj^c^  was  already  sufBcient  to 
show  tliat  it  would  he  unwise  to  huihl  a  l>il>('  unchn*  such  conditions  in 
practice,  it  was  dt»t(M*inine<l  to  eonehi(i(^  this  t\\])eriment,  and  the  water 
was  turnt^d  oil  and  the  ])ipe  allowcul  to  drain. 

It  was  decided  to  ;^ive  this  ])i[)e  a  coalinjr  t)f  the  diff(M*ent  kinds  of 
plaster  and  make*  another  test  on  it,  which  is  descril)ed  heh)W.  It  is 
very  evichMit  f  rom  the  experiments  that  aithou^ifh  the  I (»aka<i^e  decreases 
rapidly  with  time,  some  impermeablt^  mixture  in  tln^  sha])e  of  phtster 
must  he  a])])lied  to  th<»  inside  of  these*  pipes  to  ])revent  thiMnimonse 
leakage  which  would  otherwise  take  i)lace  when  the  water  is  turned 
into  the  pipe.  Such  a  plaster  would  allow  a  moi'c  gradual  penetration 
of  the  material  of  the  pipe  hy  the  water,  and  ])rohahly  afford  better 
conditions  for  tillin<^  the  pores  of  the  concrete  with  the  compounds  of 
lime  which  tend  to  close  them,  and  render  tin*  concrete  impervious. 


TESTS, 
Pirn  Nil,  :i,  T»rr  2. 

The  original  coiiiixisitiori  of  the  pi  pre  wais  1  [mrt  cetiii^nt,  li  piirt^ 
^nd,  utid  ;^.*2  [mrts  ^^nivel  (halE-iiich  me^^h),  mixed  with  watrr  impre|j[- 
nat'e4^i  with  ^mp  and  ahmi. 

The  pipt*  now  was  coated  inj^ide  on  the  ea^t  half  with  a  mortar  half 
an  inch  thick,  connKJsed  of  1  fmrt  of  liino  |mste,  I  part  of  iron  filinj^s, 
'2  parts  of  cement,  and  ti  parts  of  8and,  all  mixed  with  wat4*r  having 
iron  tilings  and  ^il  aiiuntnuaf?  in  the  pro(Knti(»n  of  70  pounds  af  iron 
filings  and  V2  ounces  of  i*al  ammoniac  to  4:^  gallons  of  water.  This 
Dior^r  was  first  tried  without  lime,  but  it  was  found  very  difficult  to 
make  it  adhere  to  the  pipe.  The  lime  wa.^  added  to  overcome  the 
diflScnlty,  and  was  qiute  success  fill  for  the  pnr]M>se,  The  west  half  of 
this*  pipe  was  coated  with  half  an  inch  of  mortar,  composed  of  1  part 
of  fine  clay  and  1  part  of  cement.  This*  mortar  checked  Iwidly  in  set- 
ting', but  it  was  jd lowed  Ui  dry  under  the  sanie  ctniditions  a.s  the  other 
mortar,  the  checks  being  permitted  to  remain  as  they  developed,  in 
order  to  determine  how  it  would  act  under  pressure.  The  iron  mortar 
WHjf^  finished  on  Mareh  y,  the  clay  mortiir  on  March  lO,  and  the  pres- 
sure was  turned  on  the  pipi3  at  4  p.  tn*  Man*li  14.  The  pressure  mn 
up  mpidly  to  20  |)onnds  per  square  uich  without  any  leakage.  Some 
muall  seams  and  pin  holes  then  commenced  to  leak,  and  ke|it  increas- 
ing  until  the  pressure  wa.s  up  to  35  pounds,  when  the  leakatje  amounted 
to  2^  gu  lions  ijer  minute.  Three -fourths  of  this  leakage  was  ift  the 
day  end  of  the  pi|K%  and  the  iron  mortar  was  evidently  hy  far  the 
more  imjM^rmeable.  From  4  to  o  p.  m*  there  was  a  \  ery  cvidcpit  tilling 
up  of  the  leaky  s|>otj4,  all  the  pin-hole  jets  dcercasing  until  tliey  wore 
tiny  leaks.  The  pressure  was  left  on  all  night,  and  on  the  morning 
of  March  15,  at  8.30,  the  gage  read  38  pounds,  and  the  leakage  was  a 
little  less  than  1  gallon  per  minute. 

With  a  pressure  of  35  pounds  the  leakage  through  the  iron  mortar 
is  not  over  one-tenth  of  that  through  the  clay,  and  is  so  small  as  to 
be  of  no  consequence  in  practice.  The  result  of  this  experiment  shows 
that  with  a  pipe  of  Sylvester  wash  coinposition,  and  a  mortar  of  iron 
filings,  sal  ammoniac,  cement,  lime,  and  sand,  a  head  of  80  feet  would 
be  possible.  Just  how  the  sal  anuuoniac  w^ould  act  on  the  steel  armor 
embedded  in  concrete  it  is  impossible  to  state,  and  the  condition  of 
the  amior  when  the  pipe  was  broken  is  noted  on  p.  58. 

One  peculiar  circumstance  connected  with  this  pipe  w  as  that  although 
the  pressure  in  the  morning  was  38  pounds  with  a  leakage  of  less  than 
a  gallon  per  minute,  when  the  pressure  was  dow  n  to  35  pounds,  owing, 
it  is  supposed,  to  the  variations  in  the  quantity  of  water  drawn  from 
the  city  pipes,  water  conunenced  to  spurt  in  high  jets  from  the  pin 
holes,  which  had  shown  very  little  leakage  at  38  pounds.  These  jets 
were  all  in  the  clay  portion  of  the  pipe.  A  possible  explanation  of 
this  peculiar  action  is  that  the  pin  holes  had  been  stopped  up  by  small, 
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loose  particles  of  clay  on  the  inside  surface  of  the  mortar.  As  soon  is 
the  pressure  was  relieved  by  a  sudden  draft  on  the  dty  water  pipee 
these  particles  may  have  been  so  far  removed  to  one  aide  of  the  pin 
hole  as  to  allow  the  water  to  spout  again.  The  pump  wae  tamed  on 
to  thb  pipe  at  9  a.  nL,  and  the  pressure  forced  up  to  4^  pounds.  This 
started  a  few  small  jets  through  the  iron  mortar  and  increased  those 
already  found  in  the  day  mortar  to  such  an  extent  as  would  prev«Bt 
the  use  of  that  part  of  the  pipe  under  that  pressure  in  praotioe.  When 
the  heads  were  removed  it  was  found  that  the  mortars  had  cracked  for 
the  full  length  of  the  pipe  in  four  different  places  at  tamping  seams, 
and  all  of  the  pin-hole  leaks  through  the  iron  mortar  were  traced  to 
these  seams. 

It  was  noticeable  in  this  test  that  considerably  more  laitance 
appeared  on  the  surface  of  the  pipe  at  the  east  end  than  on  that  of  the 
west  end,  although  the  leakage  was  very  much  less  on  the  former 
section.  • 

Thirty-eight  pounds  seems  to  be  about  the  limit  of  pressure  for  this 
pipe  and  mortar.  This  is  equivalent  to  a  head  of  87  feet,  but  consid- 
ering the  many  imperfections  of  work  in  actual  practice,  it  would  not 
be  safe  to  count  on  over  70  feet  of  head  on  such  a  pipe,  and  then  only 
after  tho  most  rigid  inspection  and  supervision  of  the  construction  of 
the  pipe. 

It  in  evident  from  this  experiment  that  as  soon  as  the  pressure  is 
sufficient  to  streti;li  the  steel  })eyond  the  tensile  strength  of  the  con- 
crete the  yielding  of  tho  concrete  will  allow  the  weakest  seam  to  open. 

When  piiinpinjjf,  the  pressure  tending  to  hurst  the  pipe  was,  for  1 
inch  in  length  of  pipe, 

42X30  (mdius  in  inches)- 1, 2(50  |xmnds, 
and  the  area  of  section  of  concrete  resisting  this  pressure  was  6  square 
inches,  so  that  the  actual  strain  on  the  concrete  alone  amounted  to 

^    =210  pounds  per  square  inch.     The  steel  rods  are  three- fourths 

inch  in  diameter  and  are  set  8ii  inches  from  center  to  center,  so  that  if 
the  pressure  is  tiiken  up  by  the  steel  alone  it  would  amount  to 

12t)0X3|     ,,  ^.,,  , 

0  44     =^*S^»*>**^  })oun(ls  per  stjuare  mch, 

and  although  this  is  l>elow  the  <»htstic  limit  of  thi^  steel  this  strain 
would  cause  the  steel  to  stretch  enough  to  crack  the  concrete,  which, 
of  course,  would  yield  first  at  the  weakest  place,  probably  a  seam. 

Practically,  it  is  very  difficult,  if  not  impossible,  to  make  concrete 
pipes  of  large  diameter  without  seams,  either  longitudinal  or  trans- 
verse, and  to  overcome  this  defect  it  would  be  necessarv  to  have  an 
elastic  as  well  as  an  impermeable  quality  in  the  plaster.  Efforts  wiH 
be  made  in  future  tests  to  find  such  a  plaster  for  lining. 


{*tk*n  Nil.  ;^  T«fr  ^. 


the  second  test  of  this  jiipe,  deHcribi^d  alxave,  two  cUffeiPnt.  kiiids' 
[>rtar  were  u.stHi— ircm  nuirtar  on  tht*  <*nsl  half  nnfl  viny  uutrinr  on 
half.  At*  the  clay  mortar  did  not  give*  natUfantory  resuItH  it  wu 
led  off  and  in  its  place  was  wufjstitiit(*d  a  jjiasti*r  t*ofTj|>ow*Hl  tjf  t 
of  Ideal  cenieuL  1  part  screened  Han<i,  and  one-fourtli  |mrt  linm 
r,  all  moistened  with  iron  and  aal  amnion iae  water.  The  e^int  balf 
allowed  to  remain  as  it  was  in  test  No.  2.  The  entire  inside  olj 
wtti§  tx)ated  with  a  wash  of  eenient  mixed  with  ''iron''  wat*^r.  J 
Text  S  of  pi  fit  No,  3. 
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Ti 


Hoor, 


2.55  p.  m, 
4.00  |i.  m. 


4.m  jMii, 

^Ah  p.m. 

7.:^o  a.  til. 

8.00  a.  nj. 


2.00  p.  HI. 
4,.i<lp.  ni. 

7.:^Uiii.  Mu 

7.4nii.  tn. 
i*.  15  a-  iru 


FrvMure, 


DbMfnriiUoiift, 


25  l*n*rtitire  turned  on.     Number  nf  pin  hoif^  norUt 

Bidt*  near  top  ^poutin^ 

30  Few  t^mall  leake  on  south  mde  ne&r  top^ 

35  I^Hika^  strong  alo»j?  two  of  the  cracks  which  were 

vimbl^!  on  in^iil^  of  th^  pipe  after  isecoiid  test, 

^!9 .  25  LeiL k a^^  1 .  T'^  gn L 1  o [iH  ] H- r  ni i nu te.  Lea kajyri^  on  ftotit h 
m  led  im  j  n  iftl  j  ^ .  N  o  |i  1  n  1  j  o  les  spouti  nir,  N  orth 
?ii ( ! f ■ ,  1^  i>r  1 0  pi T I  hi  >1  t*j*  t*in mt i  ng,  N inety  per  «ejit 
of  all  U*aka^  <irtiin?  here. 

♦^1M!5  '  J^mc  leiikai^o  iin  iiho\T 

20  l*rL*i*tiure  red 1 10*^1 1  for  the  iiij^ht  to  aMow  rmcka  td 

ehise  up.     l.^^Aknge  0,76  jmllon  \ier  minute  ttlt^ 
Htron^  rt\M'at  at  rmfki"  and  no  pin  holes* 

'iO  li€'akiL^e«  0.75  gallon  {M^r  minute.      Strong   ttWfHith 

Ni)  pirj  hole!^. 

;i8  I'^till  rit}-  pressure.     No  i>erceptihte  changei  in  ap- 

[namru'c  of  t>ijfC'. 

"iU.  5        U^aka^c^  O.l^ri  {^jLilun  |Jt*r  minute. 

40  A  iVw  |^inht4pHei>iiimeneecltOHp(mt.     Pressure  then 

Uirnt*ii  Mown  tr»  ti2  [hhuuIb,  and  p pout injf  ceaaefl. 

I  Thit^  pnt'p'HUre  rontinueil  to  ns^rertain  if  leaking  ^eam 
Sill  I  i'liHt*  v>r  (viiiH?  to  leak  a!  higher  pressure. 

;{l*  l*i|ie  ilryiijj?  fsiJ^t-     Weir  shows  leakage?  leai  than 

0, 1  paOon  ja*T  minute, 

;iL'        '  Pipe  much  dryer. 

'Ah  U^akajfe  so  wiijall  a^  to  \n?  hartal y  reeoftie*!.     Pipe 

dry  over  hajf  thi^i  t*urface* 

M  Nijjy  Hwi.al  in  ]ittrti*i  t.if  eniek.     Weir  si  1  own  no  pier- 

rvplihle  leakaKt-'-     F'dl  eity  pn:'fie?urt^  turtjwl  on. 

10  Nif  st'-iiti^;  leakH  until  i^AK 

40  ,  1  .eii k ai:e  0.  ;^  gal  1  o n  ] w^ r  m  i n u te.  Pump  started  and 
o  r  esiwu  re  ra  iee*  I  to  45  pounda.  A  U  pm  ho  lee  t^pou  t 
freely. 

4.S.  h       tViu'kh*  ieakeil  wt  mueh  that  pump  can  not  overtake 
I       leakii^'. 
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When  the  heads  were  removed  from  this  pipe  the  two  old  oncb 
from  test  5  were  seen  plainly  developed  in  tiie  {daster,  although  one 
did  not  run  through  the  full  lengtli  of  the  pipe.  There  were  alao  three 
small  new  cracks  visible.  This  was  certainly  the  most  aatirfaotoTy  of 
all  the  tests  so  far.  It  must  be  borne  in  mind  that  a  pipe  in  aetoal 
practice  would  not  be  subject  to  much  fluctuation  in  piessure,  and  as 
long  as  the  pipe  did  not  leak  materially  under  the  pressure  due  to  the 
maximum  level  of  water  in  the  canal,  it  would  probably  get  more 
impermeable  with  age.  The  ends  of  the  pipe  being  always  open  it 
could  not  be  subjected  to  very  severe  water  hammer  if  proper  provision 
was  made  for  removing  air. 

Pips  No.  8,  Tnrr  4. 

When  this  test  was  made  the  pipe  was  in  the  same  state  as  after  the 
third  test,  except  that  the  plaster  was  repaired.  Before  the  heads 
were  put  on  this  pipe  there  was  placed  inside  of  it  100  pounds  of  clay 
and  2  pounds  of  wood  ashes,  the  object  of  this  test  being  to  deter- 
mine tho  efficiency  of  clay  and  ashes  as  a  means  of  stopping  leakage 
in  a  concrete  pipe. 

On  April  19,  1904,  at  3.45  p.  m.,  this  pipe  was  filled  and  the  pres- 
sure rose  to  25  pounds  before  any  noticeable  leak  obcurred.  When 
tho  pressure  reached  80  pounds  leakage  became  greater,  and  water 
spouted  very  freely  along  tho  8eams  that  had  been  chiseled  out  and 
filled  with  mortjir  on  the  inside.  The  clay  and  ashes  were  kept  well 
stirred  up  insid<'!  and  the  wtitor  which  came  through  the  leaky  places 
was  very  nuiddy.  The  pressure  was  gradually  increased  to  82  pounds; 
the  leakage  was  4i  gallons  })er  minute.  This  pressure  was  kept  on 
during  the  rest  of  the  day,  the  clay  l)eing  stirred  constantly.  At 
5  }>.  ni.  the  })re.s.sure  was  reduced  for  the  night.  On  April  20, 1904,  at 
8  a.  ni.,  full  pressure  was  again  turned  on  and  elay  stirred  up.  The 
pressure  rose  to  34  })ounds  and  the  leakage  amounted  to  8f  gallons  per 
minute.  By  noon  the  })ressure  had  increased  to  35  pounds,  but  the 
clay  seemed  to  blow  through  the  cracks  and  the  pipe  was  leaking  so 
much  that  it  was  decided  to  discontinue  the  experiment. 

Pipe  No.  8,  Ti-xr  5. 

The  pipe  was  thoroughly  washed  inside  to  remove  all  the  clay  which 
remained  after  test  4.  This  left  the  pipe  with  one-half  inch  of  two 
different  kinds  of  plaster  on  the  inside,  as  described  in  tests  3  and  4. 

On  April  20  an  additional  plaster  of  1  part  of  cement  to  H  parts 
of  sand  was  applied  and  troweled  down  to  a  smooth  surface.  This 
plaster  was  kept  well  wet  till  seasoned,  and  on  May  14  the  pipe  was 
tilled,  a  sack  of  clay  having  first  been  deposited  inside. 
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Two  liirgi!  j>in  holos  near  kip  tm  «nmt  ei^il  of  UfirtU 
mh'i  I  simhM  pin  holo  at  Vt't^si  eniL 

t^tr*mjf  tfwi'iit  Bfrtit^  on  mtrth  bHu.     Bmall  |>tii  hiil«*: 

mi Ti  u U*.  C lay  pI i rref I  ti ii  i bUi n  1 1  y ,  a ria  p ih 'H*u t* . 
ulioued  to  Fi'miiin  alL  itii:'  afternrMjri,  Htictnutinj; 
itetween  ui5  and  -JO  {ti)und».  . 

Weir  iridiiTitt'.-i  ieakai^'it  of  a  Httb  nmre  than  utii*'hi4lf  ^ 
^Iliirt  [}cr  ininuk^.  > 

<Tenerai  nwesti  2  larvt*  pin  hohs,  leaking  fr^H^ly,  ^ 
Tr>tal  li\ika||:e,  one-half  pallon  fj^^r  tnhnite.  , 

l^nka^e  al>«mt  Hanu' a.^  in  tXw  innniiii^.  I 

Ltakajje  0*4  ijailon  \n.'V  ininiiU^  OnmuleraUlt^  lai- 
taiite  h\m  frinnfij  mi  oiiti^idt*  uf  ll;e  pii^e.  An  Jin^i*r 
ifi  run  aluii^s  ftill  It^ngtii  nf  [>ipe  wweaf  H*<'mj§  to 
bn-nk  and  diK-M  tjot  ahow  any  How  rxLH.*f>t  <rn  riortli 
Bid*%  vvliore  H\tvt»rdl  leak^  are  fonn'K  At|ihic^*if 
leakujr*^  thick  coat  of  iron  uxUU^  dfjitiHih-*!  on  ont- 
iid*^  oi  pipe.  Clay  i^m^lantly  htirrod  dtjiinj;  hitti- 
ni.Kui. 

Ltmkapf.^ OJiri  galli>jj  jw^r  (niniiti^ 

l*tinip  attach tHh  l*n^>*wnrc  niHiiitiiint^rl  fur  25  miti- , 
utt-a.  l/'aknsjt^  of  1  ijailon  per  minuk^.  Lfak-' 
ajre  alont;  iipfH*r  r*rani  on  jjoilli  Htk*.  StronK 
HWt^at  on  Honih  f^lik- 

Prej^ure  nuHi*d  ^y  hi.Kf  puinpijJt,^  and  hrhl  for  ]'I 
minuter.  I^^akaifc  1'  (faUunn  ]mr  tnmutfn  Ten 
per  ci*nt  rnmi  hoU  h<tk'H  and  ^a>skeL^. 

i*re»^iin^  jiliM^e<l  to  full  tn  that  in  city  niain^^  aud 
inairitaincd  llvi^i'i-  for  n-inaindi-r  uf  iIhv, 

I Jdi k :i ^r  0.7r>  gall nn  jior  nnnuto.  Tlim  would  indl- 
catr  that  the  ponig  of  tJie  piju'  hml  Iteen  i>|M*ni:*d 
hy  |jrt*at  firowBurt*. 

Slt^dit  ro(hRtion  in  kako^e.  Pif»e  is  left  under  city 
jirossuri'  all  night. 

Leakage  0.5  gallon  per  ininnte.  Pores  apparently 
elosing  uj).   Pressure  kept  on  all  day;  elayagitated. 

Slightly  reduced  leakage.  Pressure  left  on  all 
night. 

Leakage  O.llrt  gallon  per  minute.     Pipe  under  city 

j)n'ssure  all  day. 

Leakage  0..S5  gallon  per  minute.  Pi[M>  nnder  pres- 
sure all  night. 

Leakage  0.:^5  gallon  per  minute.  Considerable 
laitanec  and  lime  on  the  surface.  No  leakage, 
except  at  pin  holes,  where  oxide  of  iron  is  get- 
ting harder.  Pipe  under  pressure  all  nig;ht  and 
all  next  day. 
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[m.itt 


Date. 


Boor. 


May    20  |     5.00  p.m. 


May 
May 
May 

May 

May 


25 


S6 


88 


•7 

38-40 

*^S  i 

5. 00  p.  m. 

30 

1 

2:> 


June     2 


60 


Pipe  quite  dry.  Leakage  0.3  fldion  per  mimite. 
Pipe  left  under  presBare  ontilMay  28,  when  pres- 
anre  was  reduced  to  aero^ 

Leakage  0.25  gallon  per  minute.  Pipe  left  under 
preaaure  for  night 

Leakage  0.1  gallon  per  minute.  Preamre  con- 
tinued. 

Same  leakage;  prearore  releand  at  noon. 

PreflBure  again  applied  and  continued  all  night 

Pipe  quite  dry.  Leakage  leea  than  0.1  gallon  per 
minute.    Preaaure  continued. 

Conditiona  aame  aia  day  previoua.  Preanire  now 
turned  off.  Pipe  allowed  to  remain  full  of  wato* 
until  June  2. 

Preaaure  laiaed  hy  pumping.  Increaaed  for  a  ahort 
time  to  05  pounda,  when  new  piil  holea  blew  out 
on  aouth  aide.  Preaaure  allowed  to  fiall  to  38 
pounda  and  allowed  to  remain  there  until  June  9. 


Thi^i  pipe  was  left  under  city  pressure  from  6  p.  m.,  May  14,  to 
8  a.  ni.,  May  10.  Many  engineers  and  practical  pipe  makers  assert 
that  time  is  an  important  clement  in  dosing  the  pores  of  a  cement  pipe. 
This  wtus  considered  Hn  excellent  opportunity  for  this  test,  as  the 
workmen  wtM'c  omploye<l  in  the  yaiti  making  another  pipe  of  the  same 
diameter  and  thickness,  hut  in  sections  of  5  feet  each. 

June  U,  1904,  when  the  leakage  had  been  reduced  so  that  it  could 
no  longer  be  measured  through  a  weir  1  inch  wide,  the  only  leaks  visi- 
ble on  the  surface  were  from  the  two  pin  holes  on  top,  and  the  leaks 
from  them  had  been  very  nuich  reduced  in  the  last  few  days.  This 
pipe  had  now  been  practiailly  under  cit}'  pressure  for  about  three 
weeks,  and  the  leakage  had  decreased  from  three-fourths  gallon  per 
minute  to  less  than  one-lenth  gallon  per  mimite. 

This  reduction  of  leakage  might  be  due  to  the  filling  up  of  the  pores 
of  the  pipe  in  this  case  with  clay,  lime  deposits,  laitance,  or  oxide  of 
iron,  or  partly  with  one  or  more  of  these  substancivs. 

The  fact  that  oxide  of  iron  fornuMl  rapidly  on  outside  of  the  pipe 
only  at  the  pin  holes  does  not  nec(»ssarily  prove  that  the  sal  ammoniac 
might  permeate  the  concrete  and  attjick  the  steel  rods,  but  naturally 
leads  to  grave  suspicion  that  it  does  so.  An  examination  of  the  steel 
rods  where  the  pipes  are  broken  up  will  show  what  has  happened. 

Just  what  influence  the  clay  may  have  had  in  this  case  it  is  difficult 
to  say,  but  another  experiment  will  show  what  clay  can  do  on  an 
unplastered  concrete  pipe. 


«|tfVTnw*^ 


PIPE  NO,  4* 
Pipa  No,  4,  Tmt  1. 

Pipe  Na  4  was  constniL»ted  Septcmlinr  V2^  1I*U3<  No  plajstt^ririg  wa^ 
done  on  this  pipi'-  Diiriii^'' tln!  time  thn  oxpcriuHMitn  wi*re  f^eia^  iiuuIg 
on  [*i|H!s  Nos.  1  tuid  *J,  f rum  Fehruai-y  2ti  to  Murch  4,  19<.4,  this  pipe 
wait  roated  inside  on  Us  i*iist  half  with  two  coats  of  P*  ^  B.  waterproof 
\n\iut  No*  1,  luid  its  w^*^st  half  witli  throi^  (*oats  of  .soup  and  uluui  riMX- 
ture,  I'uiiinionly  tuiIkHl  ^'Sylvc^^tcr  wash."  Thi.s  wm*  applied  jnx'cisL'ly 
m  i^'onuiiendcd  inTrautwine^B  Pot*ki*t  Btx>k,  p.  072,  It  was  usr^^uincd 
from  the  results  of  cx}X2rinients  on  pipes  Xos.  1  and  2  thai  it  wonld 
be  useless  to  attempt  a  test  of  a  pijH*  without  suim*  watt^rproof  pliister 
or  Wiii^h  on  the  inside.  The  Sylvester  watih  being  bo  much  uned  for 
waterprooHny:  wjis  thouj^^ht  to  iwi  a  good  wash  with  svfiieb  to  rnsd^e 
the  lirst  test,  and  as  an  eiastie  coating  of  s^ume  khid  v;ah  deemed 
imtiortant  the  P.  &  B.  paint  was  selected. 


PMK^, 


Mar.    i 


M&r.    ii 


Mar,    7 


FVCAtllCW 


i.tm  ji.  III. 

K40  \K  III, 
9. 25  [J.  m. 

Km  A.  iti. 
laiNJu.  til. 

3.%)  p.  111. 


7 


Olnervftllaiii. 


Water  tumetl  into  pifni.  ^Jj 

2»mHM  i^wi'at  HpiitH  on  I\  iJc  fi.  aecUon;  strong  drip 

Pipe  **eveii-<'ijfhth!^  full.  Only  slight  seeT*aKw  in 
lower  half. 

Pipe  hilL     Leakti  develop  fr^t^ly  in  Imlh  fcet^tiontt. 

<iaf?e  would   nut  n^cord;  therefnre  n.Mii(*ved  for 
n'[>£iirH,  ikin\  Uifbt  ]iroi^Lir«*  U*h  un  p'i]K*  nil  tUKlit. 

Lt'iikajif  \)  ^iilloiif3  jx^r  luinute. 

Lcakii^t^  ilec;rL'iL!aiii>f,  but  atill  j^iiQirii^nlly  bul  Ui  reii- 
(ler  [Uj>e  uiis;ife  in  practiue.  VV*iUer  ^hiit  off  an<l 
pipe  allowed  to  t^mk. 

Water  U'ak4>1  out  aujounting  to  2li  gallrin»  per  tiour. 


The  appeamnce  of  the  pipe  outside  and  the  location  and  quantity  of 
the  leakage  indicate  that  the  Sylvester  wash  makes  a  better  lining 
than  the  waterproof  [)aiiit.  On  the  S3'lvester  wash  section  of  the  pipe 
there  were  several  streaks  of  absolutely  dry  concrete,  whereas  the 
P.  &  B.  section  showed  moisture  on  all  the  surface  except  the  top, 
which,  as  the  pipe  had  been  reversed  in  position,  was  the  bottom  dur- 
ing construction. 

The  reason  for  so  much  leakage  through  a  so-called  "w^aterproof " 
paint  was  explained  b}-  an  examination  of  the  inside  of  the  pipe.     It 
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was  found  tlmt  as  the  insido  surface  was  rough,  iimii^'  indentations 
had  simply  Ihhmi  bridged  over  by  the  paint,  and  when  pi-essure  wa^ 
appli<Ml  these  s})ots  had  yield<»d  and  allowed  water  to  pass  through. 

The  result  of  this  test  with  the  Sylvester  wash  is  disappointing, 
and  it  is  (»asy  U)  eonjeeture  what  the  leakage  fi-om  the  pipe  would 
have  Ihhmi  witlu>ut  the  wash.  The  difference  in  leakage  between  the 
plastered  pipes  Nos.  1  and  "2^  and  No.  3,  which  was  washed,  would 
seem  to  favor  the  application  of  a  good  plaster  to  the  inside  of  all 
concrete  pii>es  subjected  to  the  pressure  of  water. 

It  was  remarked  in  tin*  tests  of  the  pip<\s  Nos.  1  and  2  that  the  leak- 
age on  the  south  side  of  each  of  these  was  very  much  greater  than 
that  on  the  north  side.  These*  pipes,  although  rolled  over  from  where 
thej'  were  made,  stood  in  the  sanu*  relative  {H)sition  as  to  top  and 
l)ottom  as  that  in  which  tlu^y  were  made.  It  was  at  tirst  thought  that 
the  action  of  tlie  sun  on  the  south  side  of  these  pipes  for  the  tive 
months  during  which  they  had  remained  in  the  yaiti  had  affected  that 
sid<»  injuriously.  [)ut  when  ])i]x>  No.  4  was  being  ti\sted  it  was  olxseiTed 
that  the  gn^atest  l(»akage  occurred  on  the  north  side.  On  examination 
of  this  pipe  it  was  found  that  it  stood  in  the  reverse  position  from 
that  in  which  it  was  made--  that  the  bottom  of  the  pipe  now  stood 
uppermost. 

It  is  evident,  thiMi,  that  it  was  not  the  fact  that  the  pipes  had  stood 
so  h)ng  und(M'  the  rays  of  the  sun  in  the  yard  after  l)cing  made  that 
had  allVcted  tln^  south  side  injuriously,  because  in  ]>iiH3  No.  4  the  north 
sidi*  instead  of  the  south  si<l(»  sccmikhI  to  have  been  affected.  As  all 
the  pij)cs  wow  niiide  on  thi^  same  spot  it  is  probable  that  it  w:us  the 
gn^atcr  cm  aporation  on  the  sunny  si(l(^  when  the  pipes  were  being  made, 
especially  at  the  tamping  seam,  that  had  atfected  them  in  this  way, 
and  all  thc^  exjxM'inKMits  tendiul  to  corroboratt^  this  view  of  the  matter. 
It  would  seem  advisable,  thci^^fore,  in  making  concrc^te  pi]>es  to  hold 
water  to  insist  upon  their  being  made  in  the  shade.  As  in  the  other 
j)ipes,  the  bottom  of  this  pipe  does  not  h»ak  nearly  as  nmch  as  the 
sides,  the  moisture  not  being  sullicient  to  cansi^  any  tlow. 

IMi'K  N<..  1,  Tkst  -J. 

As  stated  abov(\  this  pipe  was  coattMJ  on  th(^  inside  with  two  coats  of 
P.  cSc  H.  wat(M'j)ro()f  j)aint  on  east  half  and  with  two  coat^  of  Sylvester 
wasli  on  the  west  half.  The  tirst  test  was  comj)leted  on  March  7, 
nM>4,  and  on  March  :is  this  pipe  was  coated  on  the  wivst  end,  over  the 
Sylvester  wash,  with  a  plaster  made  of  1  ])art  boiled  linseed  oil,  2  parts 
coal  tar,  1  part  sand,  and  1 1  part  cement;  and  on  the  east  end  over  the 
P.  tfc  H.,  with  a  wash  composed  of  I  part  of  boiled  linseed  oil  and  2 
parts  coal  tar,  enough  to  make  a  good,  thick  paint.  This  was  laid  on 
with  a  brush. 


QUI3fTn?7j 

^ 

DmVt. 

Eour. 

Ptenure^ 

tllwerviiUDiift. 

i^Kfidii, 

Apr-      1 

8.00  tt.  m. 

0 

Water  tumetl  into  pipe.                                      ■ 

12.20  ji.  m. 

Pil>e  full;  Bome  evveiiit  ^lurint;  filling  pruce^.       1 

10 

Pipit  t'oiumcnced  to  k^ak,                                      ^ 

1           IB 

Leakt^fl  frn^y ;  lea»  under  plaetfT  than  under  waal 

12,40  p.m. 

18 

Leaku^  ^  pall  cm  f^  a  minute. 

Lat^p.  m. 

Ul 

l>u. 

2M  p,  m. 

21 

Slijfht  df'rrenji^    ^if    leaka^^u;    pijit*  sweating  ovi 
whole  siirfmr;  prewnre  n<m"  rut  to  4  jMaindrt, 

4.3*)  p.  m. 

5 

PreHtiure  hit^reaged;  lettka^^  2Jh  j^Uons  per  minnt 

It  has  been  sUf^gi^Hfed  hy  n  f^rent  mjiiiy  cnijinotu's  and  pmctioil  me 
in  the  pipe  busiuoss  that  tirn>  clay  or  a,sht^s,  or  buth,  dcpusited  in  th 
water  im-^sing  throuj^h  the  pipe  would  evtnilually  e^eal  up  all  tlu^  Imb 
and  make  tfie  pipe  practii-ally  tight. 

It  was  determined  to  test  this  theory,  and  accordingly  a  snmll  hUi: 
fing  box  was  placed  on  one  of  the  ca^t-iron  heflde*,  and  nti  agitator  i 
the  form  of  a  small  rake  with  a  handle  of  half*inch  round  sUwl,  worl 
lug  in  the  istuHing  lx)x,  waw  added  to  the  et|inpiiient,  an  that  the  ela 
was  kept  stirred  up  when  the  pi}>e  was  under  pressure, 

It  was  determined  to  make  a  close  examination  of  all  the  pipes  te?^te- 
up  to  this  titue,  with  a  vicMv  to  puttin^f  them  tn  shape  for  testing  souic 
more  theories  of  making  steel-concrete  pipe  impermeable  in  actual 
pi-actice.  During  the  examination  it  was  found  that  in  order  to  make 
the  pipes  serviceable  for  further  tests  it  would  be  necessary  to  chisel 
out  the  longitudinal  cracks  which  had  been  developed  in  pipes  Nos.  3 
to  5,  inclusive,  and  (ill  up  these  cracks  with  a  strong  mortar.  The 
cracks  were  accordingly  chiseled  out  about  1  inch  deep.  In  doing  this 
three  im|iortant  facts  were  disclosed. 

(1)  Pipe  No.  5  was  not  a  hard  concrete.  It  seemed  to  be  of  a 
crumbly  nature,  and  it  would  have  been  easy  to  cut  a  hole  through  it. 

(2)  Some  of  the  longitudinal  cracks  in  pipes  Nos.  8  to  5,  inclusive, 
were  found  to  be  in  radial  planes  through  the  longitudinal  rods,  but 
only  at  the  rods  which  are  placed  on  the  sides  of  the  pipe,  m  sections 
A,  A,  as  shown  m  tig.  1,  p.  1(1. 

It  is  possible  that  ui  Uimping,  the  longitudinal  rods  in  sections  A,  A 
may  have  sprung  a  little  and  exerted  a  tensile  strain  at  these  points  in 
the  material  of  the  pipe,  rendering  them  the  w^eakest  places  when  the 
additional  pressure  of  the  water  was  turned  on. 

(3)  The  concrete  in  No.  3  was  exceedingly  hard,  and  the  plaster  had 
become  loose  in  the  bottom  part  of  the  pipe,  so  that  it  was  an  easj 
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Tm  li:^. 


matter  to  rttnove  a  strip  8  feet  widr^  fortiiii  full  Imigth  of  the  pip. 
lUsfltrip  was  replaced  with  f  t  esuh  uiartur  of  the  kind  umd  on  tbi$  pipe 
before. 

^PIPE  NO.  5. 
PiPR  No.  5,  Tko"  1. 

Tlie  wert  third  of  the  pipe  was  ooTered  oti  the  inside  wttli  one  coat 
of  a  wash  made  by  Mr.  C  E.  Bicliards,  of  Iios  Angdesi  who  €imo» 
to  have  a  waterproof  wash  and  plaster  for  concrBto  or  briek  walis. 
The  middle  third  had  one  ooat  of  plaster  and  one  coit  iSt  insh^  and  the 
east  third  of  the  pipe  had  two  coats  of  plaster.    Iliis  pipe  was  madle 
September  88, 1W»^  and  treated  inside  by  Mr.  Richards  March  »  an^ 
10, 1904.    The  wash  was  applied  on  March  9  and  the  mwtar  on  Marcfc 
10.    Hie  plaster  has  a  very  smooth  and  oily  appearance.    The  {ntoc^ 
ess  is  not  patented,  bat  is  a  trade  secret. 

Tui  I  of  pipe  No.  6. 


Dftte. 

Hour. 

Prewire. 

ANNMlt. 

Mar.   12 

10.50  p.  m. 

0 

Water  tamed  into  i^pe. 

12.30  p.  m. 

9 

Slight  leakage  in  west  seetion,  whUti  was  eoveiec: 
with  wash  <Hily;  remainder  of  pipe  dry. 

3.30  p.  m. 

6 

Pipe  full.     Several  pin  holes  on  south  side  of  wesr - 
third  commenced  sponting. 

9 

Few  pin  holes  appear  in  east  section,  where  lin«ng^ 
was  plasterecl  only. 

10 

Few  inon»  pin  holes  in  center  section  where  lining^ 
is  hoth  plaster  and  wash. 

24 

Leakage  rapid. 

4.10  p.  m. 

25i 

leakage  6  gallons  per  minute. 

4.;w  p.  111. 

28 

leakage  5  gallons  per  minute. 

4.40  p.  111. 

29 

[..eakage  4.5  gallons  p«^r  minute. 

Pressure  turne<l  off;  pipe  allowe<l  to  remain  filled 
with  water. 

Mar.    14 

7.45  a.  in. 

0 

Pipe  quite  dry  on  outside. 

Leakage  without  pressure  inconsiderable. 

20 

No  leakage  until  this  pressure  is  reached,  when 
seams  and  pin  holes  spurt  as  on  Mar.  12. 

As  this  pipe  had  leaked  so  much  in  first  half  hour  under  pressure, 
the  experiment  was  concluded. 

Pipe  No.  5,  Test  2. 

In  the  first  test  of  this  pipe  it  was  coated  on  inside  with  Richards 
wash  and  plaster  as  follows:  West  third,  one  coat  of  wash.  Middle 
third,  one  coat  of  plaster  and  one  coat  of  wash.  East  third,  two  coats 
of  plaster. 


n  Miinrh  if2,  1^04,  thifi  piix*  itci'U'kI  on  the  cast  atul  iiiiddli*  tbirtl^^ 
(Iditkiiiul  I'imt  oi  plaster.  Thin  plu^^tcr  wnn  i*ornpus(*d  of  1  pml 
put.  1  part  srnM*ned  saiul,  him  I  om*- Ton  ill*  pnii  Hiru^  putty  inoisltTn^d 
I  iron  wsitc^r*  When  dry  it  wa^  covered  with  a  lif^ht  wa^h  of  irnn 
ceiiiiMit,  On  March  ij:i  the  woMt  third  reeeived  n  e<mt  of  Ricluirds 
tt*r. 

Test  »  of  pipe  No,  S, 


J4l     l       UmtT. 


DbMfVftriani. 


20 


4JS  p.  m. 


4.40  jn  in- 

lamj  iL  m. 

n.tK>a.  Ill, 
12.CK1  tiu 

2aK>  [u  111, 
:uKi  p.  111. 

5.()0  p.  m. 

:;i      s.ooa.  111. 

8.:{0  a.  m. 
9.0<)  a.  111. 


20 


23 


14 


Infoakfi  hvgin  to  phow  on  outside^ 

top  kn  *'iiTin   plaiftcr"  region  of  Bcetion,  whiJe 
Hifharrli*  pi flHl*»r  Portion  rtniminB  dry. 

HirharU^  plnwtttr  Kci'tron  tKu^fjuH  to  ^\mw  limkajio, 
though  iKit  UH  iiiuiii  as  rmiuiidiLerof  pif>€«,  Tnlal 
tr*akap'  4^  (fftllotiw  per  tn\uuU\ 

\A'nkm^'  wjinio.  I'rt'iPiire  rinliu^d  to  VI  iKHiiMle  for 
nijflil  to  pr*?vent  i(¥>  murh  k*akaj?(.v 

J>('Aka^  1  fiBUon  per  ininiife.  TKirty  fn^r  rn^nt  of 
thiH  Ivakai^  from  tracks  \ti  the  plawti'»>i  on  tfie 
i*ml  of  the  pi  I  It*  whph*  pressare  umh^r  jne^ket  Urn 
nffet^ted  them. 

30    I  r^o  pvrreiitihJp  iiicrpfliit*  in  leakage. 

M  I  Strtinji  ti*rtkasLTe  at  2  si]mi»  on  mmth  Hjdr  at  jnnctloa 
of  2  plasters.     No  [itrt  hoU^f^. 

Sft  I  Ix'ukaGTo  a  ^lloiiF^  fter  niitttite,  UilfhcH  nnitLln^  to 
weir  and  siiliinen^i^d  siirfai-c  of  tteir  suHtaitinJ 
iwa  V  y  t  TefK  isi  t  o  f  1  ai  ta  i  k  *. 

f.r»kaE<*^  H  ealJonK  a  niiinite. 

Ho. 

ho. 
li^'ukam'  L^7►^  iiiiliunj?  \tvr  minute. 

nn. 

Do. 

Prossun*  hm lured  to  S  pounds  for  the  nipht. 

I^'aknjri*  ii  <rallon  per  minute.  (Jenc^ral  sweat  on 
tlie  l»ipe.  Full  city  presnure  turned  on  and  iwge 
raiwcd  at  once  to  :i'i  jiounds. 

I.(»aka«:('  2}  <ralloii.«^  per  minute. 

Same  Icaka^je.     Force  punij)  applie<l. 


'he  pressure  could  not  be  niis(»d  above  30  pounds  with  the  pump, 
lough  the  pin  holes  did  not  spout.  As  the  test  was  very  satisfactory 
pipe  was  emptied.  It  showed  considemble  laitance  on  the  outside 
[  a  slifjfht  tendency  to  close  up,  but  leaked  too  much  in  the  first  24 
irs  to  make  a  safe  pipe  for  practice. 
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EXPERIMENTS   ON    STEEL-CONCRETE   PIPES. 
Pipe  No.  5,  Test  3. 


I  NO.  1- 


This  pipe  wa.s  now  coated  inside  with  two  eoats  of  a  tufa  elastic 
paint,  chiimed  1>y  the  proprietor  to  he  an  impermeable  material.  Tbt^ 
lirst  coat  was  applied  July  27;  second  coat  applied  August  4. 

The  results  of  the  third  test  of  pipe  No.  5  were  as  follows: 

Tea  S  of  pipe  No.  5. 


Date. 


Hour. 


Aug.    10  ,  11.4'>a.  111. 


I*ri»ssure. 


Pound  K. 


ObservAtions. 


S.5()  p.  m. 


30 


Aiijr.    11 


4.30  p.  m.  1 

34 

Ti.OO  p.  m.  ; 

34 

30 

10.30  a.  III. 


11. IK)  a.  in. 


32 


:u> 


Wator  turned  into  pipe.  When  pipe  was  nearly 
full  small  leak  developed  at  west  end. 

Pi|>e  fille<l;  when  air  cock  was  closed  pressure  raised 
nearly  25  pounds.  Ix'aka^e  appeared  to  lx»  at 
joint  near  top  on  south  side;  also  along  bottom. 

Iveakage  lie^an  on  north  side  near  top  and  along 
hottom.  Few  leaks  on  sides  and  1  pin  hole. 
Bottom  leaked  (juite  freely. 

Cieiieral  sweat  all  over  pipe.  Most  leakage  along  two 
seams  in  the  l>ottom. 

lA^akage  same.     Pressure  maintained  over  night. 

Leakage  IJ  gallons  i)er  minute.  Only  two  i>la(*es 
where  there  was  an  appreciable  flow  except  in 
bottom  where  there  was  a  stn>ng  drip. 

Leiikage  2  gallons  per  minute.  No  appreciable 
change  in  appenrauce  of  ])i|)e. 

lA'akagc  2.2  gallonn  per  minute. 

Before  thin  tcj-t  was  commenced  three  large  cracks 
were  observed  on  the  outside  of  the  pipe,  two  of 
them  licing  «t  the  junctions  of  the  top  layer  with 
the  sMcs,  running  the  full  length  of  the  pipe. 
The  third  crack  extende<l  one-half  the  length  of 
the  pipe  and  was  in  the  center  of  the  top  layer. 
None  of  tl)e.«e  cracks  showe<l  on  the  inside,  nor 
did  any  of  them  leak  nnder  a  pressure  of  34 
pounds. 


Thirty-six  pounds  pre.^.siire  so(»nis  from  the  above  test*^  to  be  a 
nieasuro  of  thi*  oHicioncy  of  the  tiifsi  ohistie  j)aint.  The  .sjinie  pipe 
loak(*d  2A  j^allons  per  miimtc*  in  test  '2  undov  a  pressure  of  80  pounds. 

When  the  heads  wen*  removed  from  the  ])ipe  it  was  found  that  the 
paint  was  covered  with  blisters,  ranjj^ino  from  one-eio^hth  to  three- 
fourths  of  an  inch  in  <lijimeter.  There  w(M*e  also  many  1)lotclies  of 
wrinkh^l  surfaces.  As  tlie  pip<' dried  out  on  the  inside  a  number  of 
surface*  cheeks  developed,  similar  to  those  which  occur  when  paint  is 
put  on  any  siu-face  too  thickly. 

It  must  \ny  admitted  that  all  of  these  t(\sts  mad<*  on  washes  or  paints 
giiVQ  very  poor  results;  nor  is   this  to  be  wondered  at  when  it  is  con- 


OriSTTON.  1 


sidered  timt  a  wa.sh  or  ci>at  of  paint  i^^  generally  yo  thin  that  watei 
iimler  prfssunM.s  sure  to  )T4^iiet rate  it  sooner  or  la tLM\  luiles,'^  ft  wf*n 
in  the  tiaturo  of  a  ^^liuce,  A  glasse,  however*  being  generally  put  on 
with  heat,  i^  nece^.^arily  impiaetitable  for  pitw?**  t^uch  as  are  required 
for  list*  in  the  Heelamatioii  Service. 


PIPE  NO.  6, 

PU*K  No.    I),   TlCHT   L 


4 


Thi^  pipe  wii^  eoHted  on  the  inside  eaMt  half  with  ft  waah  of  pur€ 
eeiiH-nt  (Iih^al).     No  wa^h  or  roatini^  on  vvesi  half. 


7'*'fit  /  iff  jfip^  y*f.  fL 


d 


Drnt^ 


Mar, 


Hour. 

4.00  p,  m. 


PrdBurci 


OtweftalloiM. 


Man    10  I    ROQ  a.  m. 


D     Water  turned  into  pipf^ 

0  '  No  leiika^*  in  \viU?li<^l  seclioii.     Proiiouni^mi  Ifjik- 
!      ii^rti  ill  unwrtHluHi  i^HTtimit  ttionKli  nnt  my  riUM-h  m 
I       in    iJivviouifl   t*^tfl   at   tht*  Hurii**  *^ta(?t*  fif  iUlitijjH 
L>efik^  m<j«tly  in  '*  tamping  s+MimH/'     V\]n^  left  foi 
th«  nl^ht  with  ^mall  «eiiuilil y  <if  watt^r  m»winf£iii, 
tu  pi:>Ak  Lt  ujt  j^rnMhrnlly. 

0  Pull  liead  dty  firejwnR^  tumeil  nri  l^eakMisi?  at  im- 
[HtrftTt  plMfirp  in  nnwartht^il  .^rrliitij  ^ri?aU*r  llian 
Hupntv  from  dty  ma  in.  IHjk^  tanptiiHi  for  com- 
ptete  inaicle  coatjng. 


Ptpk  No.  6,  Te8T  2. 

The  pipe  leaked  so  badly  during  the  first  test  in  the  unwashed 
[)ortion  that  it  was  impossible  to  fill  it  with  a  hose  delivering  11  gal- 
lons of  water  per  minute.  The  west  half  was  covered  with  two  coats 
of  Sylvester  wash  and  cennMit  mixed,  and  the  east  half  was  covered 
with  an  additional  coat  of  pure  cement  wash,  which,  with  the  two 
coats  applied  in  the  first  test,  made  three  coats  of  pure  cement  wash 
on  east  half.  These  coats  were  ai)plied  March  10  and  11.  At  8  o'clock 
on  March  ir»,  11M>4,  water  pressure  was  turned  on  and  the  pipe  leaked 
6  or  7  gallons  piM-  minute  under  17  pounds  of  pressure.  The  leaks 
were  principally  through  seams,  and  as  they  showed  no  appearance  of 
diminishing  by  noon  the  pipe  was  emptied  and  the  heads  were 
removed  to  No.  2  for  a  second  t(\st  of  that  pipe.  It  is  cjuite  evident 
from  this  test  that  a  wasli  alone  on  the  inside  of  a  steel  concrete  pipe  is 
not  so  effective  as  a  plaster.  It  is  possible,  however,  that  awash  on 
top  of  a  plaster  might  be  a  good  thing,  and  another  test  will  have  a 
bearing  on  this  subject. 
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EXFBBIMSKTB  ON  STEKLrOOVCBBTB  PIFIB. 


[»Lia> 


PiPB  Na  e,  Tut  8. 

This  pipe,  when  last  tested,  bad  on  the  inside  three  ooats  of  pave 
cement  wash  on  east  half  and  two  coats  of  cement  mixed  with  Sylvester 
wash  on  west  half,  and  the  result  of  the  test  being  unaatiafaotory,  on 
March  21,  1904,  another  coat  of  cement  mixed  to  a  thick  paint  int^ 
boiled  linseed  oil  was  applied,  and  on  March  22  another  coat  thick^^T 
than  the  first.    The  two  coats  required  40  pounds  of  cement  and  Si 
gallons  of  oil. 

Tni  S  of  pipe  No.  e. 


Dftte. 

notr. 

Pfomro. 

BHrnrfi. 

liar.   28 

2.00  p.  ni. 

18 

2.00  p.  m. 

20 

2.40  p.  m. 

:i.00  p.  in. 

3.15  p.  in. 

3.:»  p.  m. 

6 

4.45  p.  in. 

« 

Mar.    27 

4.40  p.  in. 

11 

Mar.    2S 

7.45  a.  in. 

8 

8.45  a.  in. 

2i) 

ObaenrmtloiiB. 


Pipe  filled.    No  leakage  during  filling. 

Strong  leakage  develops  on  both  deles,  where  ( 
bottom  section  joins;  remainder  of  pipe  ab 
lately  dry. 

Same  conditions. 

Slight  leakage  south  side  at  Junction  of  sides 
top  section,  5  gallons  per  mmnte. 

Two  small  leaks  on  north  side  near  top  section. 

Pressure  reduced  to  6  pounds. 

Leakage  2}  gallons  per  minute. 

I^eakage  2  gallons  per  minute. 

I^i'aka^  H  gallons  per  minute. 

lA'aku}^'  1  i  ^lloDH  ))er  minute.     Full  city  pressurp 

now  tnrncMl  on. 

Ix^akftjro  4 J  pillonn  per  ininuU\    Test  unsatinfactory 
PilH?  eniptiwl. 


It  is  quit<^  ovident  to  tlio  writer  that  washes  of  any  kind,  unless  intf 
the  form  of  a  jjfhize  or  a  sohiblo  ^hiss,  are  iiu^ffoctivo  for  making  a- 
( oiicreto  })ipo  iinpornioabh*.     Kvon  if  th(\v  wovo,  otfoctive  at  tirst,  the-" 
coatinjj^,  hointif  so  thin,  would  soon  Ix*  worn  away  hy  tho  high  velocity 
of  tho  wat4»r,  which  is  necessary  for  eeonomy  in  most  projects  in  the 
reclamation  work. 

PIPE  NO.  7. 
Pipe  No.  7,  Test  1. 

The  pipe  was  composed  of  1  part  cement,  one-half  part  lime  ponte,  3 
parts  simd,  and  (>  parts  small  gravel.  It  was  compl<»t(Ml  on  October  17, 
1903,  and  wtts  well  seasoned  with  water  for  sev<Miil  days  after  com- 
pletion.    It  remained  undistur}>ed  where  it  was  made. 

On  June  18,  IJUH,  about  100  pounds  of  tine  clay  were  placed  in  pipe 
No.  7  and  the  heads  fastened  on  the  ends  of  the  pipe. 


OrisTTtx.  1 


TeH  i  vfpipf  Nfh  7\ 


Uawp^ 


June    ]  4 
iVtttte    15 


^um  18 


3.30  p.  111. 
5.00  ii.m. 

8,00  ft.  m. 
4*45  p. !». 

o.OO  |n  t£i« 
Km  ium. 

2,(10  p*  01. 

10,40  p.  m, 
10.45  p.  m. 

8.00  ^m. 

a30p.m/ 


BMHkli, 


Wat^T  tnrned  in. 

Pipe  eciinrueiii'CHl  to  leak  nii  ^lottnm.      Iiiiln^^-  Te- 
<1(1C*m1  til  alh>w  titn  j>i];ir  ta  fill  KJowly  1 1  tinner  \Uv 

\H\H^  leakiut:  hfiilly.      I^tftukngr  vofv  muddy  Inmi 
I       MtirHni:  ri|i  uf  rlny.     Clay  HHm*«l  nil  dny. 

I  PijH*  fill)  luu)  U^in^  {ikt^  lL«il'Vl^ 

,  WattT  turiieil  tm;    'S   tuuirn   rtV|Mfr(NK   In  UN   \n[n.\ 
FhowiiJi?  umnnnt  of  liiikui^Mliirin^  nigiit, 

2     Pore!?*  f  ^iif'ed  ii  p  j?f vi  i  u*  w  1 1  Jil . 

0     No  pre»^uH^     ltJci\<HRHt  )«uikage. 

Wiii*T  Kini<?<l  off  fcir  niffht. 

Wiitrr  liirriitl  oM. 
.:  Pipe  full,  gtiDmni?  k*fm  lenktii^'  thiin  fni  pri'vknii* 


*1 


4 


S  j  Ik^njiiincd  nt   tlii^  prc^fiHurr  nil  day.     Cla)  Htlri^d 
iNTi>Htantly.     I*rf'!^nt>'  li^il  on  nil  nijfht. 

CunftidemliUr  laitam.'e.     J^utnlwr  of  dny  wtrrnks  ou 
otiUkle  fif  pipo. 

Pipe  emptietl. 


This  pipe  was  tested  for  six  days,  and  the  closinpf  up  of  the  pores  h}" 
lime  deposits  and  clay  combined  apparently  did  not  raise  the  pressure 
more  than  3  pounds.  Durincr  all  this  time  the  pipe  leaked  so  badl}- 
as  to  demonstrate  its  entire  unfitness  for  practical  purposes.  This 
experiment  will  serve  to  jjfivt^  an  idea  of  the  value  of  clay  for  stopping 
up  the  pores  of  concrete  undcM*  the*  pressure  of  water. 

FMpe  No.  7,  Test  2. 

When  the  heads  were  removed  from  the  pipe  on  the  completion  of 
the  first  test,  the  inside  of  the  pipe  was  thoroucrhly  washed  to  remove 
all  tmces  of  the  clay,  and  on  June  21  a  phister  composed  of  1  part 
cement  (Ideal),  1  part  marbh^  dust,  and  1  part  fine  screened  sand  was 
placed  alK)ut  one-fourth  inch  thick  on  the  inside  surface  of  the  pipe  for 
a  length  of  17  feet  from  the  east  end. 

The  remaining  3  feet  of  inside  surface  at  the  west  end  of  the  })ipe 
was  covered  with  Richards  plaster  of  same  thickness  (one-fourth  inch). 
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The  piaster  was  kept  well  moistened  till  iiooii,  when  a  thick  grouting 
of  equal  parts  of  cement  and  marble  ditst  was  painted  over  the  plaster 
so  as  to  fill  up  all  the  pliu»es  \vhere  the  trowel  had  pulled  and  a  few 
checks  had  developed  by  too  quick  setting.  This  plaster  and  wash  wiu! 
kept  well  moistened  until  June  25,  when  at  1  p.  m.  the  heads  were 
put  on  and  tilling  commenced. 

At  8  p.  m.  there  was  great  dilference  between  this  filling  and  the 
previous  one,  as  there  was  no  sign  of  leakage  up  to  this  time,  and 
the  pipe  was  alxjut  half  filled. 

At  5.10  p.  m.  the  pipe  wa.s  tilled,  and  when  the  air  pipe  was  clofied 
the  pressure  slowly  rose  to  14  j>ounds,  and  in  a  few  minuter  the  pi})e 
leaked  freely  over  most  of  its  surface.  Most  of  the  leakage  came 
through  the  bottom  layer,  and  at  5.25  p.  m.  the  gage  had  dropped 
to  11  pounds.  The  pressure  was  allowed  to  remain  on  full  till  Mou- 
diiy  morning. 

Jun(»  27,  at  8.30  a.  m.,  the  gage  registered  12  pounds,  and  the  leak- 
age was  nearly  T  gjillons  per  miiuitt>.  The  pressure  was  reduced  to  5 
pounds,  and  kept  at  thsit  for  the  remainder  of  the  day. 

June  28,  at  8  a.  m.,  the  pressure  had  risen  to  7  pounds  during  the 
night,  and  the  leakage  amounted  to  8  gallons  pin*  minute. 

The  ])ressure  was  now  turned  on  full,  but  the  gJige  rose  to  only  l*^ 
IM^unds,  and  in  a  few  minutes  dropped  to  12  pounds;  the  bottcmi  leaked 
as  freely  as  befon\  though  tiie  sides  and  top  did  not  leak  jls  much  as 
before. 

It  s(MMns  stniii.uf  that  the  bottom  part  of  tliis  pipe  should  leak  so 
))ji(lly.  as  in  the  other  pijx's  the  top  and  bottom  sections,  which  wen' 
tami>e(l  in  the  line  of  pi'(\ssinv,  beaked  much  less  tlian  the  sides,  which 
Wi'W  tamped  at  right  angles  to  the  lines  of  pressure*.  The  pressure 
was  kept  on  full  until  noon,  wlicn  it  was  rcHlueed  to  5  pounds,  and 
lH»ld  at  that  duriiii:'  the  bjilance  of  i\w  day  and  night. 

On  Juno  21»  tin*  pipe  diird  oil  :i  good  dt^al  under  the  reduced  ])res- 
sur(\  but  the  l)ottorn  leaked  freely,  and  the  toj)  was  moist  in  spots, 
while  the  sides  wei'(*  pi'actically  dry.  ( 'onsiderabh*  laitance  had 
formed  wIkmh*  the*  water  had  leakcnl  out   and   run  down  over  the  sides. 

On  Jun(*  .')<)  the  prtvssure  at  s  a.  in.  wa>  7  pounds  and  there*  was  no 
material  change  in  the  action  oi*  app(*aranc(*  of  tlie  pipe,  and  when  full 
))i*essur(»  was  put  on  tin*  leakage  was  just  as  gi'eat  as  before. 

The  l)i]M'  was  k(*j)t  till(Ml  and  under  pi'essuie  of  al)out  T*  ])ounds  until 
July  S;  the  city  pi-essure  was  turned  on  occasionally,  but  tlu*  greatest 
pressure*  attain(*d  during  this  time  was  ir»  pounds.  All  of  the  leakage 
of  consecjuence  was  through  the  bottom  section. 

As  this  pipe  leaked  too  much  foi-  practi<'al  pui|)o>es  the  water  was 
turned  otf  and  the  experiment  concluded. 
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SUMMARY   OF   FIRST   19   TESTS. 

l^n  looking  over  tlie  results  of  the  first  19  tests  one  thing  seems 
I  re— any  pipe  of  this  diameter  and  of  great  length  would  have  many 
1  perfections,  many  of  which  can  not  easih'  l)e  avoided.  The  greater 
L  rt  of  the  leakage  in  nearly  every  case  in  these  tests  came  from  the 
inping  seams,  and  by  this  method  of  constructing  the  pipes  these 
sifiis  arc  almost  a  necessity.     If  there  are  to  be  seams  at  all,  would 

not  Iw  better  to  make  them  where  they  can  be  seen  and  made  tight 
^iinst  leuking,  so  that  more  attention  may  be  given  to  the  remainder 
'  the  pipe,  both  in  the  mat^.rial  of  which  it  is  composed  and  in  the  plac- 
g  und  tamping  of  this  material  afterwards?  The  great  difficulty  in 
le  way  of  making  a  large  pipe  of  steel  concrete  continuous  is  that 
[iTv  are  not  only  longitudinal  tamping  seams  from  short  delays  nec- 
sarily  incident  to  this  method  of  construction,  ])ut  there  are  in  addi- 
on  cross  seams  wherever  the  work  may  stop  for  the  night  or  for  a 
ty  or  more,  for  Sundays,  holidays,  or  on  account  of  bad  weather  or 
:hcr  unforeseen  causes. 

Thitt  naturally  leads  to  the  conclusion  that  the  pipe  might  be  more 
isiU^  and  economically  made  in  short  joints,  and  put  together  in  the 
•ench  afterwards.  By  this  means  the  tamping  could  be  done  continu- 
usly  in  each  joint,  so  that  there  would  be  no  leakage  from  tamping 
»ani.s  between  joints,  and  special  attention  could  be  given  to  the  joints, 
1  order  to  render  them  water-tight  under  ordinary  pressure. 

A  longitudinal  scam  is  nuich  more  likely  to  leak  than  a  vertical 
»:ini  in  pipe  under  pressure,  because  the  pressure  tends  to  open  the 
>ngitiidinal  scam  while  it  does  not  necessarily  tend  to  open  the  verti- 
iil  .seam  unless  the  pipe  is  })uilt  on  a  vertical  curve,  and  this  must  bo 
uarded  against  or  provided  for,  if  necessary,  by  taking  up  the 
>ngitudinal  strains  with  steel  rods  or  cji])les.  This  method  would 
How  more  vavo  to  ])e  taken  with  the  mixing  and  placing  of  the 
[lati^rial  and  the  tamping  of  it,  and  would  pro})ably  result  in  a  much 
[lore  perfect  pipe  h(»t\veen  joints.  Th(»re  are,  however,  many  pmcti- 
al  difficulties  in  the  way  of  constructing  such  a  pipe  of  large  diameter 
md  gre^it  thickness  of  shell.  One  of  the  i)rincipal  difficulties  is  to 
loKl  the  lengths  of  ])ip(*  togi^ther  till  the  connection  can  be  made. 
Vnother  is  the  handling  and  phicing  of  such  heavy  pieces  of  pijie  with- 
)Ut  injuring  thiMu;  a  tliinl  difliculty  is  that  of  making  a  water-tight 
loint  without  creating  a  rough  or  uneven  surface  in  the  waterway. 

To  put  all  these  mutters  to  a  practical  test  another  pipe  was  con- 
'itructed  during  the  months  of  May  and  June,  1904.  This  pipe,  which 
is  called  No.  8,  was  built  in  four  pieces,  each  5  feet  in  diameter  inside, 
with  a  shell  6  inches  thick,  and  with  steel  amior,  a.s  in  the  other  pipes, 
in  the  center  of  the  shell,  and  each  piece  was  5  feet  long. 
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PIPB  NO.  S. 
OOKFUttlTIOII* 

The  conipoHition  of  the  sectdons  of  {npe  No.  8  is  as  fcdlows: 
Section  1  was  composed  of  Gillingbun  cement,  4  cubic  feet;  marUe 
dust,  1  cubic  foot;  fine  sand,  8  cubic  feet;  gravel,  90  cubic  feet;  or, 

1  part  cement,  1  part  sand,  and  6  parts  gravel.  Hie  ceoient  and 
marble  dust  were  mixed  through  a  fine  screen,  then  mixed  with  the 
gravel  and  sand  and  turned  six  times  dry,  then  turned  four  times 
wet.  The  concrete  was  so  made  that  water  came  to  surface  after 
long  tamping. 

Section  2  was  composed  of  Gillingham  cement,  4  cubic  feet;  marble 
dust,  1  cubic  foot;  sand,  8  cubic  feet;  gravel,  80  cubic  feet;  lime 
putiy,  3  gallons.  The  cement  and  marble  dust  were  mixed  as  in  sec- 
tion 1.  Lime  putty,  passed  through  fine  screens  and  dissolved  in  19 
gallons  of  water,  was  added  during  wet  mixing*  The  wM^t^riftl  was 
mixed  the  same  number  of  times  as  that  for  section  1,  but  it  was 
made  wetter. 

Section  8  had  the  same  composition  as  section  2,  except  that  to  lime 
putty  was  added  an  equal  amount  of  Richards  putty. 

Section  4  was  composed  of  Ideal  cement,  4  cubic  feet;  marble  dust, 

2  cubic  feet;  niind,  4  cubic  feet;  gravel,  90  cubic  feet — ^well  acreeoed 
and  mixed.  The  niatorial  was  dry  mixed  four  times,  wet  mixed  three 
times;  12  gallons  of  lime  putty  diluted  in  24  gallons  of  water  were 
added  for  wet  mix. 

All  of  these  joints  were  made  bv  continuous  tamping,  and  every  pos- 
sible care  was  ex(?rcised  to  produce  a  ^ood  piece  of  work.  They  were 
all  well  seasoned  by  constant  wettint^  and  protected  from  the  rays  of  the 
sun.  The  sections  were  made  with  a  projecting  l)ead  at  one  end  and  a 
(•orresponding  groove  at  the  other  end,  so  that  the  l^ead  on  one  section 
would  lit  into  the  groove  on  the  next  section.  In  addition  to  this 
arningement,  a  stMuicircular  trench  about  1  inch  in  diameter  was  left  in 
the  bead  at  one  end,  and  another  in  the  groove  at  the  other  end,  so  that 
when  two  sections  are  placed  together  th(\se  two  semicircular  trenches 
will  form  one  circular  opening  1  inch  in  diameter  running  clear  around 
each  joint.  When  the  sections  are  pull(»d  tightly  together  this  opening 
can  be  tilled  up  with  cement  grout  or  with  any  fluid  material  which 
may  ])e  decided  ujwn  jis  adding  to  the  impermtnibility  of  the  joint. 

Fig.  2  shows  the  arrangement  of  sections  ])ef()re  joints  are  closed. 
These  sections  were  made  with  the  inUniticm  of  having  six  longitudinal 
steel  rods  run  through  them,  to  be  fastened  with  sl(H>ve  nuts  joining 
the  ends  of  these  rods  in  adjacent  sections,  large  niches  })eing  left  on 
the  inside  of  the  pipe  at  each  joint  where  the  sleeve  nuts  could  be 
tightened.  This  arrangement  woidd  not  work  satisfactorily  and  was 
abandoned  for  a  umch  simpler  one.     Through  each  section  of  pipe  is 
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rim  h»nj^h\vis(»  six  pieces  of  threc-fourths-inch  gas  pipe,  which  serve 
jis  guides  for  the  vmgs  of  steel,  to  which  they  may  be  fast<*n(Ml  with 
copper  wire.  The  sections  being  all  made  on  one  form,  these  pipes 
can  ))e  kept  so  closely  to  their  proper  position  that  there  is  no  diffi- 
culty in  running  a  piece  of  one-half -inch  wire  cable  through  them  when 
the  sections  are  placed  in  position  for  jointing. 

The  sections  are  laid  as  closely  together  jis  may  be  necessary  to 
allow  the  mortar  for  the  joint  to  ])e  put  in  place  between  them,  and  arc 
then  drawn  together  by  fastening  cables  through  a  wooden  frame  at 
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one  end  of  the  s('cti<)n>  lo  be  joificil.  and  ti^hlciiing  u])  at  the  otiicr  end 
f»v  a  jackxTcu  woi'l^'miLf  bet  wren  two  wooden  t'ranics.  onr  of  which 
rests  against  the  la<l  M'ctioii,  the  other  ha\  ing  tlie  ends  of  the  cables 
fastened  to  it  with  clani|)>.  which  can  i)c  readilv  I'eniovcd  whiMi  the 
joints  arc  well  closiul.  In  the  ca^e  of  ]>ipc  No.  s,  four  section^  were 
tightened  up  at  the  same  time,  and  theie  was  no  ditiiculty  in  ln-inginir 
th(»  sections  together  with  this  length  of  pipe  (*jn  feet ).  Hy  this  method 
it  would  be  necessary  to  have  at  the  end  of  each  'JO  feet,  or  whatever 
length  proved  practicai)le  for  tightening,  a  special  screw-end  rod  con- 
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nootion  for  the  cables,  about  2  feet  long,  ho  that  the  enable  for  the  next 
length  of  i)ipe  might  be  easily  connected  with  that  already  tightened. 
It  is  most  imjwrtant  that  the  ends  of  the  sections  should  be  made 
square  with  the  longitudinal  axis  of  the  pipe. 

Pipe  No.  8,  Test  1. 

On  July  28,  lt^04,  this  pipe,  composed  of  four  sections,  was  filled 
with  water  at  11.30  a.  m.  During  the  filling  section  3  showed  a  little 
sweating  near  the  bottom,  caused  probably  by  a  small  cmck  made 
while  this  section  was  being  rolled  to  its  proper  place,  and  all  the  joints 
showed  a  little  moisture  through  the  openings  that  run  round  the 
joints  and  that  were  recently  filled  with  grout.  This  grout  was  com- 
posed of  I  part  cement,  one-fourth  part  marble  dust,  and  1  part  sand. 
The  joints  and  niches  inside  were  all  filled  with  Richards  mortar. 
When  the  air  pipe  was  closed  the  pressure  rose  to  15  pounds.  Section 
1  showed  a  slight  sweat  in  a  short  time,  but  no  pinholes,  and  it  was 
fulh'  half  an  hour  before  it  became  moist  over  most  of  its  surface.  In 
one  hour  it  was  sweating  all  over. 

Section  2  gave  almut  the  same  results  as  section  1  until  the  pressure 
had  been  on  for  t<'n  minutes,  when  it  cracked  in  three  places  at  the 
south  (Mid  for  a  distance  of  about  1  foot,  and  the  water  leaked  out  so 
fast  that  the  ])ressure  would  not  go  alwve  20  pounds.  In  one  hour  the 
whole  surface  was  sweaty.  Section  3  showed  sweat  developing  soon 
after  the  prossuie  was  turned  on,  and  in  fifteen  minutes  had  a  general 
sweat  that  at  ll>  pounds  increasiHl  to  a  strong  di'ip. 

S(M'tion  4  showed  ai)s()lutcly  no  leakage*  or  sweat  for  half  an  hour 
after  being  lillecl,  then  a  slight*  swt^at  staited  on  the  top,  and  in  one 
hour  this  sweat  had  s])read  ov(»r  about  one-fourth  of  its  surface.  This 
section  was  made  with  Ideal  eenieiit. 

All  the  joints  sweated  a  little  through  tin*  pockets  where  the  grout- 
ing was  yet  fresh  and  slightly  checked,  hut  at  no  i)art  of  the  joints  did 
the  l(Nikag(»  amount  to  a  flow. 

At  2  ]).  ni.  there  was  not  much  change^  (^xc(*pt  that  sections  1,  2,  and 
'.]  were  entirely  covcM'cd  with  laitance  under  a  uniform  ])ressure  of  18 
pounds.  Section  4  showed  ji  slight  inciH^ise  of  sweat  but  no  laitance 
except  close  to  the  joints,  whei'c  then^  was  a  strong  sweat  through 
the  ])ock(*ts. 

At  4  p.  ni.  conditions  were  not  materially  changed. 

At  T)  p.  m.  the  pnvssure  was  rcMluct^l  to  s  ])ounds,  and  the  pipe  was 
left  under  that  pi'(\ssure  all  night. 

On  July  2JK  at  S  a.  m.,  the  gage*  registere(l  [o  pounds,  and  as  soon  as 
full  pressure  was  turntMl  on  it  rose  to  2()  pounds  and  iiMuained  iit  that 
for  several  hours,  when  it  dropped  to  Is  pounds.  There  was  no 
change  in  sections  1,  2,  and  3,  while  section  4  showed  a  slight  sweat 
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over  thro<> -fourths  of  its  surface  am]  n*^  hiitunrc  except  lit  tlic  joint^J 
feM'tiorK-*  1  ami  2  ^ihuvved  cariMidLMnhly  nioiv  luitHiico  tlmn  scrtiori  >^^ 

City  pivsf*Lire  wrti*  ki^pt  oti  fuIK  aiid  iit  5  p.  in.  nu  iijutin*iai  ohang« 
Whs  npiMin>nt  iti  tin*  piiM>H,  t^xrcpt  tliat  Mi»t:tion  3  did  riut  kooiii  to  dri| 
ft8  iinich  m  at  Hrbt.  Se<*tioii  4  fitili  Imd  oiio  largt* dry  j^ptu'L*  on  eac*h  nide^j 
The  pressure  vtiried  alt  day  froju  17  to  lit  ]x)iindi4.  At  5  p.  m.  ilif 
pn38Hure  was  closed  dtiwn  for  the  ni^ht  U)  in  poundH.  On  •luly  30,  at 
R  a-  RK,  the  giii^^'  registered  12  [HjiuKis.  When  pressure  was  turned  utu 
full  it  rose  to  LH  pounds*  Sei^tiotj  8  appeured  to  be  closing  u[)  unt^ 
set^tioTi  4  had  not  niateriully  t*hangecL  By  tiarnming  up  the  fli>w  from 
the  pipe  and  segn'guting  the  li'akage  from  section  2,  which  was  hadl} 
cracked,  it  was  found  that  the  other  three  se^rtions  leaked  nearly 
gallons  per  nnnute. 

The  water  wfis  then  turned  otl^  and  the  pipt'  examined,  and  it  was^ 
found  that  the  cmeks  in  seetinn  "2  extended  eleur  through,     They  are 
supposed  to  have  been  caused  by  the  sling  which  was  utied  when  turr 
ing  the  pipes  over  on  their  sides  with  the  derrick. 

Section  Z  showed  two  (*heeks  inside  on  top,  but  they  did  not  go  clc 
through. 

S*!ctions  1  and  4  sliow^ed  no  cracks  on  the  in  Hide,  while  s  motion  1  ha 
i^cvcnil  cheeks  on  the  (Ml^sid^^ 

.Section  4  had  no  checks  either  inside  or  outside*  The  Kitdianl^ 
plaster  in  the  inside  joints  was  found  to  be  good  and  tirin  und  show  ed^^ 
no  disintegratioiK  Before  tfiis  pipe  was  broken  u|)  a  jack  screw  waa^| 
placed  under  one  end  and  the  pipe  was  raised  until  it  hung  susjx'uded 
at  Imth  ends.  The  jo  nits  were  tht^n  exiunined  and  ftnnid  to  he  in  ^ood 
condition.  The  pipe  remained  in  this  position  for  ten  minutes,  when  the 
central  joint  opened  one-sixteenth  of  an  inch  at  the  bottom  but  remained 
tight  at  the  top.  The  cables  had  evidently  stretched  sufficiently  to 
allow  this  action.  The  pipe  was  broken  up  about  September  27,  and 
it  was  found  that  the  ciacks  on  the  outside  on  section  1,  near  the  end 
where  the  leakage  was  so  great,  w ere  caused  by  the  omission  of  the 
last  steel  ring  during  construction,  leaving  a  si)acc  of  nearly  1  foot  in 
length  at  that  end  w ithout  any  stiength  except  that  of  the  concrete, 
which  naturally  could  not  stand  the  strain. 

When  the  joints  were  broken  it  was  found  that  there  was  not  as 
good  a  bond  between  the  giout  and  the  pipes  as  there  should  have 
been.  The  core  would  sometimes  adhere  to  one  section  of  the  cavity 
and  make  a  clean  })r(»ak  along  the  line  of  the  other  joint  so  as  to  show 
the  shape  of  the  mold.  The  plaster  in  the  joints  should  be  allowed  to 
harden  for  at  least  two  days  })efore  the  grout  is  forced  into  the  cavity; 
the  grout  may  be  made  ver\'  wet.  The  hole  should  first  be  filled  with 
water  in  which  a  little  cement  is  mixed  and  allow^ed  to  stand  filled  for 
an  hour,  and  then  blown  out  and  tilled  with  grout. 
iRR  143-05 i 
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While  ihiH  o^cperiment  wvm  not  at  all  satisfiustorf  on  nc^^nflf^ 
accident  in  Iiandling  action  2,  it  dhows  that,  withcmro  and  Httaiittoii  i 
details,  this  method  of  coii«tructiiig  pipes  might  be  adopted  Ikr^^'H* 
better  one  is  found. 

SMALL  PIPES. 

Some  further  e  ac  peri  men  t^  were  made  for  the  purpose  of  H^ceriaii 
ing  the  hmt  mixtureti  for  impermeable  concrete,  and  for  tbit^  |>iii' 
several  smiall  ptpej^  were  made  with  various  mixtures  mnA 
tested. 

These  smaller  pipes  were  all  made  in  the  sttime  mold,  each  beiqf  | 
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Fi«.  3.— Elevation  of  end  of  small  pipes,  with  <i»ver.  usimI  for  detenninim,'  permeability  of  different 

mixtures  of  eoiicrele. 

inches  in  inside  diameter,  <>  inehes  in  thickness  of  sliell,  and  18  inches 
lon^.  The  ends  were  made  perfectly  scjuan^  to  tlie  axis  and  iis  smooth 
and  true  as  possible.  To  the  ends  of  tliese  ])ipes  were  fitted  small 
cast-iron  disks,  1  inch  thick,  resting  upon  rubber-tire  washers,  vul- 
canized at  the  junction  of  the  ends.  The  phit(\s  wiM-e  drawn  tightly 
on  the  wiushers  by  one  central  rod  with  a  scn^w  imkI  to  which  a  nut 
was  fitted,  substantially  as  shown  in  ligs.  J^  and  4. 

The  upper  plate  had  connections  for  pipe  from  water  tiip,  for  air, 
and  for  ga^  as  in  the  larger  pipes. 
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hvee  of  these  pipes  were  made  of  each  mixture,  and  nine  different 
tares  were  tested.  The  three  pipes  for  eaeh  mixture  were  marked 
''  '*B,''  and  '^C/'  respectively. 


/>4  'mi^cr  tfre  (tnjfcsn/zecf) 


, —Horizontal  sctlion  of  small  \A\^v<  n-<''l  for  <l<'t('riiiiniii.ir  jH'niu'ahilily  of  difTrrt'iit  mixturos  of 

r(.Ilcr<l«'. 

[Ixtuiv  No.  1  coiisisttMl  of  simd  l>  \yav\s  (scriMMicd  throiij^li  1  l-mcsh 
en),  crravel  »*>  paits  (inixiMi  sizes).  criiKMit  (Ideal)  1  part,  and  niai"l>l(' 
t  1  part — all  luoaMircd  loose. 


52  ixiHI^BTO  OK  mmsL-€Q^€Bmz  pipes.  1j«  u 

Vim  A,  MiSTntfi  N0.  L 

ThiH  pifw*  wiiH  much'  Aaj^UKt  IT,  antl  hrufihod  infiidf*  ujMi  out  t^^t* 
ciMiw^nt  wrish*  It  was  k<*[>t  w<*!I  wrt  for  !^*vi»nil  days  until  thon 
HeaHfjnt^i,  On  OrtoJicr  11^  waU*r  w;v^  taring  cm,  tht*  pn'«^uri*  VHryinf^ 
fmrii  JH  to  5*1  jKHindH  fur  s\x  hniti-H,  [luring  iUU  tinii*  ttic  pipe*  shime^ 
mi  >iweat  nr  Iruk*  but  tn  one  of  tht*  sudden  jiui]p>>  of  1: 1 11.'  pn\H}4iirc'  fnne 
40  tn  tm  [KHiudH  till'  pipt*  bui>it  and  stoppixl  tht*  U'st.  Owing  ti>  tb^ 
fliirt nation  uf  ilw  pr4>j^ure  in  tlip  water  pij>r*^  thi^  wa?*  not  n  vcrv  ^^^ 
fa*  toiy  tt»Ht,  bnt  ^howe^l  infid^mtaUy  that  the  tt^iifdle  strength  of  iLi* 
mixture  iivtx»  at  loui^t  4l>  {Kuind^  per  »<«ipuin'  ineii. 

FiMt  B,  Mrrrtttet  No,  L 

Thii*  pipi*  WA."*  niade  on  Aui^ui*t  17.     It  waj^  not  wiiKhcKi  with  cemimt 
inside  or  outride,  hut  wai*  ki^pt  moist  for  thrrt*  weeks*  and  re^matmnt 
t h 0  s h ad t *  til!  ()< *t i d m> v  'ii J ,  w h e*  1 1  i f  w an  1 1 *.sti*d J 

A I  H.H<>u.  nu  watrr  was  turned  on  ami  prossurealloA^ed  to  riw«5  tt> 
|KMind.s,  and  uiaintainiHl  an  near  that  point  as  )K)nHthlp.     In  one  hour 
iiliglit  swnit  nil  owed  near  the  liottoni,  and  in  four  hout^  this  sweat  h 
npreaAl  over  most  of  the  nurfaeo.     The  pressure  was  then  allowed  tu 
riwt^  to  55  jKnuid^,  aiul  a  gene  ml  Mweat  sj>read  over  the  entire  t^urfa' 
This  pressure  was  timintained  for  two  hours  more,  and  then  the  pi 
luirst  during  H  nudden  tluetnafujn  of  [>n*snnrr  from  4r>  to  t>2|K>undj** 

It  was  now  decided  to  une  two  steel  f)ands  for  elatnping  arrnind  the 
pipes  diirini^  the  test?^,  to  prevent  the  iHiistinj^  of  the  pipe  utidM 
water  hiuuiiier. 


Pira  0,  MixTuit*  No.  1. 


Itu 

the 
mdafj 


This  pipe  was  made  August  18,  and  kept  in  the  shade  and ' 
moistened  until  October  20,  when  it  was  tested.  It  was  not  washed 
with  cement.  At  3  p.  m.  water  was  turned  on  and  the  pressure  r^u* 
lated  to  30  pounds.  There  was  a  flaw  in  the  inside  of  this  pipe  caused 
by  the  material  sticking  to  the  core  when  the  hitter  was  being  drawn 
out.  The  water  seemed  to  entei-  this  flaw,  and  caused  a  sweat  at  that 
place,  and  in  two  hours  this  sweat  had  spread  over  most  of  the  surjhoe 
of  the  pipe.  At  5  p.  m.  the  pressure  was  turned  off  and  the  pipe  left 
filled  with  water  for  the  night. 

On  October  21  the  pressure  was  kept  at  35  pounds  from  8  till  10 
a.  m.  The  pressure  was  raised  to  45  pounds,  fluctuating  between  43 
and  55  pounds  for  two  hours,  during  which  time  the  pipe  leaked  7i 
gallons  of  water.  The  outside  bands  were  now  put  on  the  pipe  and 
the  full  city  pressure  turned  on.  The  gage  fluctuated  between  48  and 
62  pounds  for  the  remainder  of  the  day  and  until  next  day  at  noon, 
but  there  was  no  apparent  increase  in  the  amount  of  leakage.  Tliis 
pipe  was  not  in  good  condition,  but  was  tested  for  the  sake  of  trying 
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e  pffci*tof  thoHtcol  lis  rids  on  tlu*  *mtsi(lt*  in  prwetitthif  hurj^tinj;  lUKlor 
itctimtiiig  heads.  In  thin  cane  they  f^m^nied  to  iuimwim*  tin-  |mrix>so, 
ut  in  many  of  the  siiciH'Oiling  tests  they  did  not  i>revent  the*  pjpi*.H  from 
iiirHtirig  imder  mnrh  lowi^r  ht^ads. 

An  th<?  ohjert  of  tlie  expeiitnents  wa^  to  uNeertaiii  at  what  pius8uro 
i^woatiitj^  I'oinmeiiced,  and  as  thmpohit  wa;^  in  nearly  all  capites  len,**  than 
4*>  ixHinds,  the  Invaking  cjf  thi*  pipe  at  a  hit^her  pressiin>  than  tlii.s  wa>< 
jiot  of  so  nmcl*  consecpienee. 

The  cotn|>osition  of  the  various  mixtiin^s^  and  the  pre^Mnre  at  wh 
the  H wealing  tirst  bt^caiiie  visihle  an?  j^hown  htdow. 


! 
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It  is  not  elairaed  that  these  pipe?^  would  not  luive  wwimted  mid  leaked 
iindor  lower  pressure?*  maintained  fora  lon*,^  tiiij(^:  fait  in  nearly  every 
instance  th<*  sweating  showed  at  the  ret^ortli*d  ptvssure  inside  of  otm 
hour  fmrti  the  time  the  water  was  turntHl  on. 

yfninrr  Xo.  L — Sand  2  parted  gravel  3  parte,  tHvijumt  1  pan.  nmrbli'  dust.  J  ytAH. 

l*i[**^  A,  no  Nwoat  under  55  pjujida  {wasbu'l  inbiiU*  t\M*\  nut  iviiK  rj«iiiH»t  wa*lj)» 

PifM*  B,  ^^V4tiit  at  40  [>i>tniitB  {ni^t  wat^heil  with  CLMiiunt). 

P1|ktC*,  pwf'4it  at  W  pi:)iiudi°!  (nut  washed  Aiai  h»d  Huw  insidol. 

MirHtrf  yo.  It. — Sand  3  partn,  jcmvel  4  |jart8,  c<»nn^nl  *i  \mri,  (iii\rlilt«  tliuil  IJ  partH. 

l*i|w  At  sweat  at  iKi  |*ouiid»  (waihi**!  U\Me  and  out  with  i**fnH*nt  wash). 

Pi[>e  H^  1*91  v^t  at  4**1  (wiumU  (not  waf<h«.*J  nith  fiimeni). 

Plfjie  (\  ^wt*i\i  at  tW  f»f>t»nilH  ( wai^heil  on  iiiwirlt*  wilfi  et-^mfnt), 

JfLr/itf^  J\"o.  ./, — Sand  M  fj«rt>',  |^ni\'el  4  jMrti^.  ri'incnt  If  jwirt^  iitar1>Je  dust  Ij  (jart?, 
Liitie  putty  I  fuiirL 

Pipt*  A,  Hwi*at  at  :i5  iMHind."!  ( waiThe<I  inside  antl  otitwide  with  ciemeQtJ. 

Pipe  B,  sweat  at  <iO  pounds  (not  washed). 

Pipe  C,  sweat  at  30  priunds  (washed  inside  with  cement). 

Mixture  No.  4- — Sand  3  parts,  gravel  4  parts,  cement  1 J  parts,  hydrated  lime  J  pert. 

Pipe  A,  sweat  at  30  pounds  (washetl  inside  and  out  witli  cement). 

Pipe  B,  sweat  at  35  jjounds  (not  wiushed). 

Pipe  C,  sweat  at  I^  pounds  (washe<l  insicU^  with  neat  cement). 

Mixture  No.  5. — Sand  3  parb^,  j^ravel  4  i)art*<,  cement  1  part,  marble  dust  2  parts, 
lime  putty  i  part. 

Pipe  A  sweat  at  oO  pounds  ( wa<he<l  inside  and  out  with  neat  cement). 

Pipe  B  sweat  at  35  pounds  (n«)  wash). 

Pipe  C  sweat  at  40  pounds  ( wai^hed  inside  with  neat  cement). 

Mixture  No.  G. — Sand  2  parts,  gravel  r>  ])arts,  cement  1  part,  marble  dust  1  part, 
Richards  mixture  1  part. 

Pijie  A  sweat  at  40  pounds  (not  wa^-^hed). 

Pipe  B  sweat  at  40  iK)unds  (not  wa.^hed). 

Pipe  C  broke  at  40  i)Oun<ls.     Without  nweat  for  45  miiuites.      (Not  washetl.) 

Mixture  No.  7. — Santl  2  parts,  j^ravel  5  parts,  cement  1  part,  marble  dust  1  part, 
lime  putty  J  part  (with  Richards  mixture). 

Pipe  A  sweat  at  35  ixmnds  (no  wiu^h). 

Pipe  B  sweat  at  38  pounds  (no  wash). 

Pipe  C  sweat  at  40  pounds  (no  wash). 

Mixture  No.  8. — Sand  2  parts,  gravel  5  parts,  cement  2  parts,  hydrated  lime  J  part, 
marble  dost  J  part.  ■  ■  .  ^ 
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Pipe  A  Bweat  at  86  pounds  (do  wwh). 

Pipe  B  sweat  at  23  pounds  (no  wash). 

Pipe  C  sweat  at  23  pounds  (no  wash). 

MIxhtrt  No,  P.—Sand  2  parts,  gravel  6  parts,  cement  1|  parts,  hydimted  lime  ft  part, 
marble  dost  1  part 

Pipe  A  sweat  at  40  ponnds  (no  wash).  This  pipe  stood  65  poonds  without 
bieakinft. 

Pipe  B  sweat  at  41  poonds  (no  wash).  This  pipe  stood  57  pounds'  pinasure  with- 
out bieaking. 

Pipe  C  discarded  on  account  ot  flaw. 

It  is  evident  from  these  experiments  that  the  impermeability  of  the 
concrete  itself  in  a  steel-concrete  pipe  must  not  he  depended  on  too 
much,  but  it  is  better  to  cover  the  inside  surface  of  the  pipe  with  a 
thick  coat,  or  probably  better  still  with  several  thin  coats  of  impervi- 
ous mortar.  This  mortar  must  be  soft  and  plastic  when  first  phced 
on  the  pipe.  The  Bichards  plaster  seems  to  be  the  nearest  approach 
to  this  ideal  plaster  that  has  been  found  in  these  exjieriments. 

The  experiments  on  the  small  pipes  were  not  carried  out  by  the 
writer,  who,  on  account  of  other  duties,  was  unable  to  direct  them. 
The  assistant  in  charge  of  the  experiments  was  a  very  careful,  pains- 
taking, and  practical  man  of  long  experience  in  concrete  work,  and 
the  experiments  are  given  for  what  Uiey  are  wortli. 

This  entire  subject  is  a  most  complex  one,  and  it  is  realised  that  the 
results  of  these  experiments  are  somewhat  disappointing.  It  is  hoped, 
however,  that  what  little  has  1)een  done  may  serve  as  a  beginning  for 
further  experiments. 

COXCIX'SIOXS. 

Th(»  following  preettution.s  in  making  concrete  pipes  to  withstand 
wat(M'  pressure  are  suggested: 

1.  Do  not  allow  tlie  sun's  mys  to  touch  the  concrete  when  it  is  being 
mixed  and  placed  in  the  form.     If  necessary  build  a  shed  over  the  work. 

2.  If  the  steel-concrete  pipe  can  not  be  made  continuously  by 
machine,  do  as  much  of  the  hand  tamping  as  possible  in  I'adial  direc- 
tions. When  th(»  t4imping  must  be  done  at  right  angles  to  the  radius 
of  the  pipe,  (»itlier  in  longitudinal  or  circumforential  directions,  avoid 
as  far  as  possible  the  formation  of  seams  or  ch^ivage  planes  from 
delays  in  placing  the  forms  and  adding  fresh  material.  By  making 
the  concrete  very  wet,  delays  will  not  ))e  so  dangerous  as  in  the  case 
of  dry  concrete. 

8.  He  careful  in  tamping  not  to  spring  tlu^  longitudinal  rods,  and 
use  as  few  of  these  iis  will  suffice  to  hold  the  circumferential  rods  in 
place,  except  in  case  of  verticjil  curves  in  the  ]>ipe,  when  additional 
rods  or  steel  cables  must  be  used  on  the  longer  side  of  the  curved  part 
of  the  pipe. 

4.  Do  not  depend  upon  the  t<Misile  strength  of  the  concrete,  but 
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make  the  steel  rods  of  such  size  and  distance  apart  as  will  insure  no 
l^reater  stretch  of  the  steel  than  0.04  inch  in  any  rod  from  the  maxi- 
mum pressure  to  which  the  pipe  is  to  be  subjected. 

5.  Make  the  inside  diameter  of  the  pipe  li  inches  larger  than 
required,  to  allow  space  for  putting  two  coats  of  plaster  on  the  inside. 

6.  As  soon  as  the  pipe  is  completed  give  the  inside  one  coat  of  plas- 
ter one-half  inch  thick,  composed  of  1  part  cement  to  li  parts  of  sand, 
and  a  small  quantity  of  lime  paste,  thoroughly  cooled,  to  retard  setting. 
Keep  pipe  well  wet  ahead  of  the  plastering.  When  this  coat,  which 
nia3'  be  left  rough,  is  dry,  put  on  another  cx>at  about  one-fourth  inch 
thick  of  plaster  composed  of  1  part  of  sand  to  1  part  of  cement.  This 
cottt  should  F>e  troweled  to  a  smooth  surface,  and  when  it  is  dry  the 
entire  inside  surfacie  of  the  pipe  should  be  covered  with  a  thick  wash 
of  fine  cement  and  water. 

7.  Provide  for  drainage  of  water  which  may  leak  when  the  pipe  is 
first  tilled,  so  that  sufficient  water  may  not  remain  in  the  trench  to 
soften  the  ground  under  the  pipe. 

8.  Bury  the  pipe  under  the  ground  so  that  there  will  be  in  no  place 
less  than  2  feet  between  the  top  of  the  pipe  and  the  natural  surface  of 
the  ground. 

9.  In  very  cold  climates  provide  means  for  draining  the  pipe,  so 
that  it  can  be  emptied  at  the  end  of  each  irrigating  season. 

10.  The  soap  and  alum  mixture  may  be  used  to  advantage  in  making 
the  concrete,  but  reliance  for  impermeability  must  )>e  placed  on  the 
plastering  rather  than  on  the  material  of  the  pipe. 

11.  Do  not  use  steel-concrete  pipes  for  heads  over  70  feet,  except 
for  short  distances,  where  a  lOO-foot  head  might  be  used  by  taking 
s|KHial  precautions. 

It  niiiy  \h'  asked  why,  in  vi(»w  of  the  fact  that  a  head  of  70  feet  is 
likely  to  cnick  a  5-f(H)t  steel-concrete  pipe,  it  is  reeonunended  to  build 
pil>es  of  such  dianiet<M\  for  use  iiiulcr  such  a  head.  It  may  ))e  answered 
that  a  steel-concrct*'  pipe  with  a  cra<k  and  a  small,  j^radually  (lecreas- 
in*if  leakatro  may  he,  and  probably  is,  much  more  dunible  than  a  pipe 
insixle  of  steel,  or  of  wood  with  steel  Ininds  or  rods,  and  the  leakage, 
under  ordinary  circumstances,  may  not  be  as  much  as  is  now  found  in 
Miany  lines  of  cast-iron  ])ii)es  in  our  lart^e  cities. 

Under  ordinary  conditions,  in  all  of  the  reclamation  projects  where 
pressure  ])ipes  may  bc^  used,  the  pipes  will  probably  b(*  under  uniform 
pressure  for  all  of  tlu»  irrioatin^  s<'ason.  It  is  highly  proba))le  that 
cracks  formed  in  these  ])ipi\s  when  under  pressure  will  be  tilled  up 
with  sediment  and  lime  deposits  durin*^  the  irripiting  season,  which 
<renemlly  lasts  several  months.  If  serious  leaks  occur  during  this 
season,  the  blow-otl"  and  drain  pijx's  can  be  used  to  turn  the  water  out 
of  the  pi|>e,  so  that  it  can  b(»  rc^paired  inside,  and  during  the  winter 
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tirms  w^hen  th*^  pipe  is  r^mpty*  an  (>xcclU»nt  *>pp(»rtimity  in  iilToniod  to 
("xaniino  uikI  make  n^pairs  in  tiu*  irinido  of  tlie  pi()n. 

A  5*foot  pipe  iimK*r  Hn  poum]>a  pr<^i^suri%  or  iipproxiiiiHtciy  70  feet 
hoatl*  if  iiia«l<*  with  l-inrli  rodn,  irjst>ni<luf  Mnve-fourths'liri^i  rod^,  with 
JJ|*iiK!h  o€?ater  diHlaiit-as,  would  rust  Hhtuit  $:i*5n  n  f(M>t  t*xt,m,  nod  Ihft 
only  gain  watild  be  that  the  fltretrh  of  the  steel  wmiUl  Im?  ojrll^  inih^ 
instrart  of  0.<mi  int*h  for  \hv  thri^o-fourthH  iTU*h  rotb.  Tlimiri^tlciillj, 
when  rtteel -armored  ctnirrete  pipe  is  siihjrcted  to  tiiteraal  preH8iirej 
the  iiuiUTials  of  widefi  it  h  i^omposicd  mnst  yield  or  j*tret^h  withitt' 
eertain  HmitH*  Ah  the  Mtretcli  of  cnncrete  i>«  ^io  Minall  that  it  hna 
never  hei*n  meiLHUft*d,  sxv  must  rely  mikju  the  wteel  to  takii  up  Die 
Hti^j^>*es  esuirted  by  the  internal  pirfi*.iu*t^  hi  tlie  ]>ipe.  If  a  ^t eel-con* 
ctH*t4'  pipf^  is  desi^rted  ti»  lK*ar  with  safety  30  prmrids  per-  sr^uare  ineh 
internal  pn*sMiire,  and  Uu*  stviA  in  the  pipr  is  fah*u)ated  to  take  uji  all 
the  strossi  due  to  this  pr ensure,  with  a  faetor  of  Hafety  of  4  for  Hteel  of 
an  ultimate  streni,flh  of  ^tOjKio  ptnmdsaiml  if  Hir  piju^  is  ^  feet  diaiiietef 
insidi',  and  the  steel  rods  three*fuurths-ineh  diameter,  tJiese  rods  wouitt 
hav«  to  he  j?;paced  T.Hlj  inehes  fmin  center  to  eenter 

Let  UH  determine  what  the  *itrcteh  In  thiw  steel  ivould  lie  in  cine  ro4 
under  tliese  ctmclitiun^. 

The  stretch  in  inches^  total  8tn*s*i  in  pounds  on  TJiJi  inches  in  hnifftU 
of  pijx*  X  <nnt(inal  lenj^th  in  ineheH  -h  nuwlnlu?*  of  elaAfieity  in  piiundi 
per  square  inch  X  area  in  square  inelies;  therefore  strete[i=       

7.33X 30X 30X  35,ooO,(jOOX0.44=Q'<^  *°**  °«^y- 
It  is  probable  that  this  amount  of  stretch  in  the  steel  would  cause 
one  or  more  cnicks  along  the  full  length  of  the  pipe.     If,  howevet, 
the  amount  of  steel  is  doubled,  the  stretch  would  be  reduced  by  one- 
half,  but  this  makes  the  pipe  more  expensive. 

There  would  still  be  a  stretch  of  0.04  inch,  and  the  consequences  of 
this  stretch  might  h?.  guarded  against  by  plastering  with  some  material 
which  would  be  more  plastic  than  ordinary  concrete,  or  b}'  another 
method  mentioned  hereafter. 

If  this  steel  were  distributed  over  the  full  length  of  the  pipe  in  the 

0  44 
shape  of  a  sheet-steel  riveted  pipe,  it  would  give  thickness  of  ^^^=0.12 

inch  for  the  steel,  and  this  pipe,  if  double  riveted,  would  have  a  factor 
of  safety  of  5.().  This  thickness  is  really  more  than  is  necessary  for 
safety,  but  not  more  than  is  necessary  for  rigidity  of  form  in  a  steel  pipe 
of  6  feet  diameter  if  used  alone,  nor  for  a  steel-eoncrete  pipe  under 
the  assumed  pressure  if  the  stretch  is  taken  into  account. 

There  can  be  no  question  that  a  steel  pipe  inside  a  concrete  pipe 
would  be  tight,  but  it  would  be  useless  to  put  a  lining  of  concrete  inside 
the  steel,  as  the  concrete  would  certainly  leak  some,  and  the  steel  would 
be  little  better  protected  on  the  inside  from  the  action  of  the  water 
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tha  n  if  the  re  w  e  re  no  con  c  let  e  i  n  s  i  tie .     It  w  ould ,  ho  we  ve  r.  be  p  I'otei-  ted 

from  scouring,  and  a  ring  of  rotiert^tt^  outside  lIh»  stji'el  wrnild  protect 

the  outride  of  the  steel  fruiu  the  lu^tinn  of  injurious  saltfi,  acids,  etc. 

A  tjetter  pipe,  however,  would  he  n  woodeu  pijn^  with  steel  hiiiuk, 

which  can  Ite  made  i>erfeetlv  eoiitinuous,  sFnuoth,  and  true  inside,  with 

a  ring  of  concrete  placed  around  it  afti^r  the  wood  is  t ho n nimbly  sat* 

united  and  the  leak«  all  closed  up.     Thi^  would  Ijc  an  exfjensive  pifH?, 

hilt  it  irt  believed  that  it  would  lie  a^  neurlj  an  ideal  pipe  for  a  waitn 

cliiuate  ax  c(>uld  be  made.     With  a  fat*tor  of  safety  of  4  for  the  at^el 

rodf*,  the  umoiuit  of  steel  would  be  reduced  to  half  of  that  in  the  cun* 

ereti*  pifje,  and  irj  the  case  of  30  pounds  pressure  this  would  aruoitnt 

to  a  three*fonrths'inrh  rod  17  feet  long  for  each  T.S3  inches  in  length 

17x  1-5X  12 
of  the  pipe,  or  ^y^^g-^^  ^41  jxjundsof  steel  fser  linear  foot  of  pipe. 

Concrete  in  a  ring  3  inches  thick  around  wood  pipe  would  amount 

18 
to  ^  =4i  cubic  feet  jier  linear  fi>Dt,  so  that  the  amount  of  money  sa veil 

on  the  steel  by  using  a  wtxjden  pipe  would  proljably  pay  for  the  con- 
crete used  in  covering  it. 

For  a  conipiiiison  uf  cost,  then,  we  could  luive  a  wooden  pi  lie  with 
hands  spaced  for  a  factor  of  safety  of  4,  and  3  inches  of  concrete 
outside,  UN  against  a  !^t«.*e  I -concrete  pipe  with  twice  the  u  umber  ui  Imnds 
and  6  inches  of  concrete.  With  steel  at  4  centn  per  fMHuul  in  place, 
concrete  at  40  cents  per  cubic  foot  in  place,  and  lumber  at  7  cents  per 
foot  B.  M-  in  place,  the  cost  of  these  pipes  would  be  about  the  same, 
and  (here  is  little  doubt  that  the  wooden  pipe  with  a  concrete  envel«j)e 
would  be  the  better  and  more  lasting  pipe. 

Another  method  for  getting  rid  of  the  injurious  effect  of  the  stretch 
in  the  steel  in  a  steel -concrete  pipe  (with  a  factor  of  safety  of  4  for 
the  steel  rods)  would  be  to  make  two  well-defined  joints  in  the  con- 
crete in  a  horizontal  plane  through  the  center  and  running  the  full 
length  of  the  pipe. 

A  continuous  sheet-steel  dowel  could  project  2  or  3  inches  into  the 
concrete  in  each  half  of  the  pipe,  and  when  the  pressure  came  on  the 
inside  the  stretch  would  probably  take  place  at  these  joints  and  thus 
prevent  all  other  longitudinal  cracks  from  forming. 

This  dowel,  which  might  be  one-eighth  by  6  inches,  could  be  made  in 
long  lengths,  overlapping  a  little  at  the  ends  and  fastened  by  wire  to 
the  rods  to  keep  it  in  its  proper  place.  The  concrete  in  the  lower  half 
of  the  pipe  would  end  in  a  smooth,  horizontal  plane  at  the  center  line  of 
this  dowel  on  each  side,  and  this  plane  might  be  allowed  to  harden  for 
twenty-four  hours,  so  that  when  the  upper  half  of  the  pipe  was  made 
there  would  be  a  well-defined  crack  on  each  side.  Of  course  this 
would  increase  the  area  subject  to  inside  pressure  by  a  small  amount 
on  each  side,  but  this  would  be  true  of  any  other  longitudinal  crack. 
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It  seenij^  prohablo  thiit  tliij*  would  prtwent  any  other  f-rauki*  fDrniin|,% 
but  It  v^ould  Im?  tiei*e^Haiy  to  try  this  cxix^riinont  lK>fari;'  building  uuv 
Ini'fjfr  ainoniit  of  pipe  (Hi  tbi^  iismnuptiotL 

Thi*  dunibiHty  of  litrnd  rods  of  hirgo  dtaincter,  nuch  as  W€?re  used  io 
thf^Ki*  exporiiiif  iit?^,  \H  yet  iiiidotormiuod,  us  tfie  time  l>etwix*ii  pUicuijf 
thej^o  rtKly  in  the  corR'ret'e  and  tht^  Ivrcnikiiig  up  uf  the  pi|jeN  wa#i  too 
short  ttj  Hfr*>nt  reliable  data  for  eoncl unions  on  thi»  ^tuhjecL 

When  tile  pipes  wrre  broken  up  none  of  the  rods  exhibitc^d  an? 
ap|K^aninct*  of  runt,  exeept  one,  which  h  ho  wed,  at  a  point  where  ill  en? 
was  ii  lartjfe  and  fon^^. continued  li*rik  in  the  [>ipi%  a  snaill  rusty  plHc*\ 
alHiut  IJ  inches  lon^,  all  ariaind  the  rod.  The  pipe  in  wliii4i  this 
oc(*urred  was  lined  with  a  mortar  ruixetl  with  siil  auituoniac  and  iron 
tilin^H,  and  the  prrsetiee  of  the  miJ  annnoniar  would  naturally  aeei>nnt 
for  the  rust. 

Instead  of  stetd  rods  eleetrieally  welded  f^alvanizod  wire  mi^ht  1^ 
ust^l  f<jr  armor  in  eoruTete  pijK*.  'I'his  wire  is  jhjw  nuirmfsictured  in 
the  United  Stutes,  imd  eould  Im?  used  if  the  pifje  were  made  in  j*nnts. 
It  would  iu»t  be  suitnhh\  howev«^r,  if  the  pipe  were  inadt^  eoritinu- 
ously,  as  in  these  expi?rinients,  on  account  of  the  ditKeulty  of  tanipin;^ 
and  tiii^  st retell  t»f  tlu^  steel,  and  the  eon setp lent  evaekin^  of  tht*  eon 
t-retje  would  still  occur,  so  that  the  amount  uf  wire  needed  in  tliB  hoop$i 
would  pro)>ably  make  it  too  *^xiH*nsive  to  be  eonsidei'ed, 

If  niariV  of  tlie  results  of  tliese  experiments  havt*  been   nej^tire, 
may  Im>  some  eonsolation  to  rememln^r  that  it  is  somotiiu^s  qnitt-^ 
important  to  know  how  jud  to  do  a  thing  as  to  know  how  to  do  it* 
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Sec  (i/<o  Steel  pipes:  Steel-concrete  pipes; 
Wooden  pipes. 
Plaster,  advantage  of  softness  in 

method  of  applying 
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ne<'e.««ity  of  use  of 28, 54 

use  of  alum  In 19 

use  of  coal  tar  in 86 

use  of  Iron  fllings  in 29 

use  of  lime  with 29 

use  of  linseed  oil  in 36 

use  of  sal  ammoniac  In 29 

use  of  soap  In 19 

Plaster,  ela>«tic.  nee<i  of 30 

Plaster,  Richards,  effectivenew  of .M 

use  of 25,26,39,43,46,48,49 

Plaster,  waterproof,  test  of liH 

Plaster  linings,  composition  of 18, 19.  Jl 

effectlveneffi  of 20 

Poposity,  effect  of  clay  on 43 

effect  of  lime  on 43 

in  concrete 11 

of  concrete,  paper  by  Feret  on 12 

of  mixture  of  gravels  of  different  sizes .  20 

relation  of,  to  leakage 27 

Preasure,  effect  of,  on  different  porosities  . .  27 

effect  of,  on  paint 41 

on  steel  rods 56 

on  wash 41 

in  city  water  mains,  change  of 22 
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Knfi'ty,  rwi'tors  of.  in  nlvoi  finlx....-.,.. 
8ai  nnmiionlinc.  vflJOct  of.  on  dool  rod!*,..,.. 
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In  HrHiMii  .,.****,,,**..... „.^,.^.,._, 
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Steel  pipe,  uuui|j»riaiiu  ui,  wiUi  avcfn-vum- 

crete  pipe  .....' fi5 

effect  of  soil  on 9,10 

construction  and  useof 9,10 

Steel  rods.    See  Rods,  steel. 

Steel -concrete  pipes,  apparatus  for  testing 

of 17,18 

comparison  of,   with  steel   pipe  and 

wooden  pipe 55 

composition  and  txmstruction  of 11-17 

composition  of  those  tested 1^16, 46 

disadvantages  of |1 

limits  of  water  head  for 55 

method  of  construction  of 16-17 

relations  of  porosity,  pressure,  and  leak- 
age in 27 

tamping  of,  In  constructing 16, 54 

Stretch  in  steel,  injury  from,  avoided 67 

in  steel  rods 56 
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Sylvester  wash,  effectiveness  of.  in  concrete 
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useof 21,24,35.41 

Tamping,  direction  of,  section  showing 16 

methofi  of.  in  concrete  pipe 54 

in  steel -concrete  pipes 16 
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Wjub,  liiH^  of  Iron  MfAter  In SJ,99 

iiK*  ni  ml  ftiTifTtontjitf  iA,.,t«..H4» >.  til 

W#i!*Ji .  wn lernri>< jf .  U'ftl  nf  .,„........,..».,.  Si 

W<*1f'r  hntiiiiu'f,  K*fti.H'\  of, f>n  hiuilII  iilpm.. .  &l 
Watvf  nuiini,  eliivLtfu  of  prtjipiine  In,  dujing 

day.... ^Z2 

of  fMy\  iJm^  (if  prtWMiire  f nim .  —  .  —  W 

Wii tt' r  p rcjwn ri,  i ^ (11  (^n,'*i ' v tm  i>  t r<jni 1 1 ^  I'J 

ijmlt  of,  fur  ihU'1^1  t-im*'T\.'lf  pi  |,MV. .......  ^ 

WitlvqiTiHtf  iimLtiriri.1  in  roniTiHi*,  te.-^t  nf . . ,  :s* 

{ii[Hi  ...,,,,.,...,......... 8&.ae 

WmUitpi  iMif  Mii>sh  III  id  pUHt4-r»  t«!F(t  of . .  w 

W(*1r^  tiH4'  nf.  Eft  mivuiun"  leaVsii;^  of  pfpt^  ...  lH 
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lETTER  OF  TRANSMITTAL. 


Department  of  thk  Interior, 

United  Statfis  (ieological  Survey, 

Htduckiraphic  Branch, 
WiiHhhifjkm,  I),  t\,  Deceitfhrt  20,  100^, 
Sir:  I  transmit  herewith  u  imimist*ript  entitled  *'Thc  Nornial  Dis- 
tribution uf  Chlorine  in  tho  Natiinil  VVftters  of  New  York  and  New 
England*"  bv  Daniel  D,  Jack.son,  and  request  that  it  be  published  in 
the  series  of  Wator-Supply  and  Irrigation  Papers. 

There  is  prt>l>ahly  no  more  imj>ortant  feature  involved  in  the  estab- 
lishment of  municipal  water  suppliey  in  Statcj:!  bordering  on  or  situated 
close  to  the  seaooast  than  the  determination  of  normal  chlorine.  The 
availability  of  any  water  for  such  purposes  depends  largely  upon  its 
freedom  from  organic  contauiination.  Chlorine  is  one  of  the  ingre- 
dients of  dangerous  organic  matter,  and,  as  this  element  is  extremely 
stable,  it  undergoes  none  of  the  chemical  changes  common  to  the  other 
component  parts  of  organic  matter,  and  its  determination  furiuBbes 
reliable  ar^l  persistent  evidence  concerning  the  pollution  of  any  water. 
A  certain  proportion  of  the  chlorine  in  a  water  has  its  origin  in 
natural  c4iU!?ies,  and  has  no  relation  to  artificial  pollution;  therefore, 
in  determining  the  character  of  a  water  for  domestic  purposes,  it  is 
necessary  to  consider  this  natural  or  normal  chlorine,  and  whenever 
the  chlorine  present  is  in  excess  of  the  normal  the  evidence  of  past 
pollution  is  complete. 

It  has  been  found,  moreover,  that  (with  the  exception  of  local 
deposits)  the  normal  chlorine  in  natural  waters  is  derived  from  the 
salt  of  the  ocean,  blown  over  the  land  by  storms,  and  that  it  diminishes 
in  amount  as  the  distance  from  the  ocean  increases.  This  decrease  is 
so  definite  that  equal  amounts  of  chlorine  are  found  along  lines  gener- 
ally parallel  to  the  seacoast,  thus  affording  a  basis  for  the  establish- 
ment of  isochlors.  In  Massachusetts  and  Connecticut  these  lines  have 
been  located,  and  for  several  years  the  information  has  proved  to  be 
of  great  value  to  the  water-supply  interests  of  those  States.  The 
accompanying  paper  extends  this  information  to  the  remainder  of  the 
New  England  States  and  to  New  York. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcx)tt, 

Director  United  States  Geological  Survey. 
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THE  NORMAL  DISTRIBUTION  OF  CHLORINE  IN  THE  NATURAL 
WATERS  OF  NEW  YORK  AND  NEW  ENGLAND. 


By  Daniel  D.  Jackson. 


INTRODUCTION. 

Chlorine,  a  constituent  of  common  salt,  is  present  in  nearly  all 
natural  waters.  Its  original  sources  are  mineral  salt  deposits  and 
finely  divided  salt  spray  from  the  sea.  This  latter  is  carried  with 
dust  particles  by  the  wind  and  precipitated  with  the  i*ain.  All  salt 
found  in  waters  not  coming  from  these  original  sources?  comers  f i  niii 
domestic  drainage  and  indicates  that  the  water  either  is  at  the  present 
time  polluted  or  was  polluted  and  has  since  been  purified.  By  a  com- 
parison of  the  salt  content  of  any  water  under  examination  with  thc^ 
normal  chlorine  figure  for  that  region  the -extent  of  pabit  or  pre>»eDt 
pollution  may  be  determined. 

PHYSIOLOGICAL  FUNCTIONS  OF  COMMON  SALT. 

Salt  always  occurs  in  drainage  from  animal  sources,  because  in  all 
animal  economy  a  certain  fairly  definite  amount  of  common  salt  is 
eaten  with  the  food  dailj^  and  later  expelled  from  the  body  in  practi- 
cally the  same  condition  in  which  it  was  absorbed.  That  it  plays  an 
important  role  in  the  blood  is  indicated  by  the  fact  that  on  an  average 
it  constitutes  about  one-half  of  the  total  blood  ash.  It  is  also  found 
that  nonnal  gastric  juice  can  not  be  formed  without  the  presence  of 
salt,  and  that  in  many  other  secretions  of  the  body  its  presence  is 
probably  a  necessity. 

SALT  AS  AN  INDICATION  OF  POLLUTION. 

The  amount  of  salt  in  a  water  is  a  valuable  indication  of  pollution 
because  of  the  following  facts:  (1)  The  animal  body  expels  the  same 
amount  of  salt  that  it  absorbs;  (2)  this  salt  is  unchangeable  in  the  soil 
and  is  very  soluble  in  water;  (3)  it  must  eventually  form  a  part  of  the 
drainage  and  become  mixed  with  the  general  run-oflF  of  the  region  in 
which  it  is  expelled.  The  average  amount  of  salt  entering  the  drain- 
age of  any  particular  district  is  so  constant  for  each  inhabitant  that  it 
has  been  claimed  that  the  number  of  people  living  on  a  drainage  area 
may  be  determined  with  a  fair  degree  of  accuracy  from  the  average 
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run-off  and  the  excess  of  chlorine  over  the  nonnal.    Steanui'  est 
the  chlorine  in  the  run-off  of  any  drainage  area  not  receiving  factor 
waste  to  l)e  increased  about  one-tenth  of  a  part  per  million  by  i 
20  inhabitants  per  square  mile. 

SALT  IN  THE  WATERS  OP  INLAND  STATES. 

All  salt  in  natural  unpolluted  waters  farther  inland  than  Ohio  comes 
from  mineral  deposits.    The  salt  winds  from  the  sea  have  no  effect 
beyond  this  State,  but  unfortunately  west  of  this  State  a  large  pro- 
portion of  the  natural  waters  are  more  or  less  affected  by  the  sal^ 
deposits.    The  underground  salt  seems  to  spread  over  a  broad  are^ 
and  exerts  not  only  a  wide  but  a  variable  influence  over  most  of  tb^ 
waters.    In  these  inland  States,  while  the  ^^ normal  chlorine"  woul^ 
be  practically  zero  the  value  of  the  determination  of  chlorine  is  i^ 
most  cases  vitiated  by  the  variable  quantity  of  salt  from  minenu^ 
sources.    Determinations  of  chlorine  in  samples  of  water  taken  abov^ 
and  below  a  city  which  runs  its  drainage  into  the  stream  examined  ma]^ 
give  the  extent  of  pollution  due  to  the  city  sewage,  but  the  waters  so^ 
far  analyzed  in  the  inland  States  give  indications  that  the  question  of^ 
normal  chlorine  does  not  to  any  great  extent  enter  into  sanitary 
problems. 

SALT  IN  COAST  STATE  WATERS. 

On  the  other  hand,  the  coast  State  waters  are  practically'  unaffected 
by  this  mineral  salt,  and,  while  very  extensive  deposits  exist,  espe- 
cially in  the  State  of  New  York,  they  are  in  narrow  pockets  and  exert 
an  influence  over  a  very  limited  area.  Except  in  these  pockets  the 
mineral  salt  has  apparently  been  washed  into  the  sea. 

It  is  found  that  in  the  coast  States  the  salt  in  the  natural  waters 
which  comes  from  original  sources  is  practically  all  brought  in  by  the 
sea  winds,  and  that  a  certain  normal  amount  is  present  in  the  waters 
of  each  locality. 

The  difference  in  the  normal  amount  in  diffei*ent  localities  is  due  to 
variations  (1)  in  distance  from  the  seaooast,  (2)  in  the  amount  of  rain- 
fall, (3)  in  the  rate  of  evaporation,  (4)  in  the  amount  of  protection 
from  ocean  winds,  and  (5)  in  the  direction  of  the  prevailing  winds.  In 
spite  of  the  great  variety  of  causes  which  affect  the  normal  chlorine  in 
natural  waters,  the  normal  for  any  particular  region  is  surprisingly 
constant. 

The  chlorine  decreases  as  waters  farther  and  farther  inland  are  tested, 
so  that  by  connecting  with  lines  on  the  map  localities  having  the  same 
normal  we  find  that  these  lines  of  equal  chlorine  (isochlors)  follow  in  a 
general  way  the  coast  lines,  and  as  they  extend  inland  are  still  more  or 
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pEirailel  to  the  coast.  The  distunec  of  these  lines  from  the  coawt 
[depends  chiefly  iipoa  the  general  directiou  of  the  wind  and  the  pro- 
Itecting  influeuceif  of  mountains  on  the  coast  or  of  isjlaridiS  near  the 
,  eitiinland. 

COLLECTION   OF  SAMPLES. 

hi  order  to  obtain  the  normal  chlorine  lines  for  any  State  it  is 
jiiKt;s!mrv  to  tir^t  CO  Her  t  a  large  niiiuber  of  analyses^s  for  chlorine  in 
watt  Hi  taken  at  different  .seasons  over  the  entire  area  to  l>e  covered. 
It  is  evident  that  near  the  seacoant,  where  the  variations  in  chlonne 
fithift  a  limited  area  are  gi^ate^st,  the  largest  number  of  data  must  be 
collected*  A  large  number  of  Humplew  of  water  taken  from  surface 
itid  ground  purees  umst  be  o  Attained.  The  pond  waters  usually  give 
tbe  bei?t  results,  and  careful  insi>ection  of  the  drainage  area  of  such 
sources  give?4  a  good  idea  of  whether  or  not  the  water  is  suljject  to 
pollution.  Samples  for  analysis  should  be  chosen  as  far  from  human 
habitation  hh  po^ssihle* 

SOLUTIONS  REQUIRED  FOR  CHLORINE  DETERMINATIONS. 

The  following  solutions  are  employed  In  the  analysis  of  water  for 
chlorine: 

Salt  Holuiimu—K  solution  of  chemically  pure  fuaed  salt,  contain- 
ing 1  mitligram  of  chlorine  in  each  cubic  centimeter  iii  made  by  dis- 
solving l,f548  grams  of  the  fused  sodium  chloride  in  1  liter  of  distilted 
"Iff ate r  free  from  chlorine. 

St'h*er  ni trait'  Hobdlirn, — Two  and  one-half  grams  of  cryslalli^^cd 
silver  nitrate  are  dissolved  in  1  liter  of  distilled  water  free  from 
chlorine.  To  this  solution  water  or  strong  silver  nitrate  is  added 
until  by  actual  titration  10  c.  c.  of  it  are  equivalent  to  5  c.  c.  of  the 
standard  salt  solution.  One  cubic  centimeter  of  this  solution  is  then 
equivalent  to  0.5  milligram  of  chlorine. 

Potassiuin  chromate  solution, — An  indicator  solution  is  made  by  dis- 
solving 50  grams  of  potassium  chromate  in  1  liter  of  distilled  water 
and  then  adding  sufficient  silver-nitrate  solution  to  precipitate  all  the 
chlorine  present  and  turn  the  precipitate  slightly  reddish.  This  is 
allowed  to  stand,  and  (by  tiltering  or  decanting)  the  clear  solution  is 
then  obtained. 

Eimdsian  of  alumina. — This  is  made  by  dissolving  125  grains  of 
potassium  or  ammonium  alum  in  1  liter  of  water  and  precipitating  the 
alumina  from  the  boiling  solution  by  ammonia.  After  precipitation 
the  alumina  must  be  washed  free  from  chlorine,  sulphate,  and  ammonia 
by  successive  treatments,  settlings,  and  decantations  with  cold  distilled 
water. 
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METHODS  OF  PROCEDURE  IN  THE  DETERMINATION  OF 

CHLORINE. 

four  25  c.  c.  of  the  water  to  l>e  tested  into  a  white  porcelain  dish. 
Add  about  one-half  a  cubic  centimeter  of  chromate  solution  and  run 
in  standard  silver- nitrate  solution  from  a  burette  until  the  first  faint 
reddish  tint  appears.  This  is  more  easily  noted  if,  for  comparison,  a 
dish  containing  the  same  amount  of  water  and  chromate  is  kept  beside 
the  dish  in  which  the  test  is  made. 

If  one  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to 
reach  an  end  point,  the  test  may  be  made  without  evaporation,  but  if 
less  is  required,  then  evaporate  250  c.  c.  to  25  c.  c.  volume  before 
making  the  test.  It  may  at  times  be  necessary  to  evaporate  more  than 
this  if  the  chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  c.  c.  of  the  water.  In  this  case 
0.1  c.  c.  is  subtracted  from  the  results  as  an  indicator  error.  If  more 
than  this  amount  is  used  in  titration,  subtract  0.1  c.  c.  for  each  25  c.  c. 
of  the  volume  of  water  titrated. 

If  250  c.  c.  of  water  are  taken,  the  number  of  cubic  centimeters  of 
silver  nitrate  solution  used  to  obtain  an  end  point  minus  0.1  c.  c.  mul- 
tiplied by  2  gives  the  chlorine  in  parts  per  million. 

Example:  250  c.  c.  are  evaporated  to  a  volume  of  25  c.  c.  and  chro- 
mate solution  added.  In  the  titration  3.5  c.  c.  of  silver  nitrate  are 
used.  Then  (3.5-0.1)  X 2=6.8.  The  water  then  contains  6.8  parte 
per  million  of  chlorine. 

If  the  sample  is  highly  colored  and  very  turbid,  it  may  be  necessary 
to  clarify  it  by  treating  it  with  an  emulsion  of  alumina.  This  is  best 
accomplished  by  bringing  the  water  just  to  the  boiling  point,  and  then 
adding  alumina  and  shaking  the  emulsion.  In  a  few  minutes  the  clari- 
fied water  may  be  decanted.  This  is  allowed  to  cool  and  the  required 
amount  is  measured  out  for  titration. 

OBSERVATIONS   ON  THE  USE   OF   THE  NORMAL  CHLORINE   MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State  we  are 
then  able  to  estimate  the  pollution  in  any  natural  water  by  the  amount 
of  chlorine  present  over  the  normal.  In  some  instances  it  is  first  neces- 
sary to  ascertain  that  the  chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical 
value  both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index 
from  which  may  be  estimated  the  sanitary  quality  of  most  waters  ana- 
lyzed within  the  coast  States.  The  chlorine  also  furnishes  informa- 
tion as  to  the  source  of  deep-seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  is  in  direct  proportion  to 
the  population  on  a  drainage  area,  provided  none  of  the  sewage  is  car- 
ried outside  of  that  area,  yet  waters  in  this  region  may  have  been  puri- 
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METHODS  OF  PROCEDURE  IN  THE  DETERMINATION  OF  WT 

CHLORINE. 

four  25  c.  c.  of  the  water  to  be  tested  into  a  white  porcelain  dbh. 
Add  about  one-half  a  cubic  centimeter  of  chromate  solution  and  run 
in  standard  silver  nitrate  solution  from  a  burette  until  the  first  faint 
reddish  tint  appears.  This  is  more  easily  noted  if,  for  comparison,  a 
dish  containing  the  same  amount  of  water  and  chromate  is  kept  beside 
the  dish  in  which  the  test  is  made. 

If  one  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to 
reach  an  end  point,  the  test  may  l>e  made  without  evaporation,  but  if 
less  is  required,  then  evaporate  250  c.  c.  to  25  c.  c.  volume  before 
making  the  test.  It  may  at  times  be  necessary  to  evaporate  more  than 
this  if  the  chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  c.  c.  of  the  water.  In  this  case 
0.1  c.  c.  is  subtitwited  from  the  results  as  an  indicator  error.  If  more 
than  this  amount  is  used  in  titration,  subtract  0.1  c.  c.  for  each  25  c.  c. 
of  the  volume  of  water  titrated. 

If  250  c.  c.  of  water  are  taken,  the  number  of  cubic  centimeters  of 
silver  nitrate  solution  used  to  obtain  an  end  point  minus  0.1  c.  c.  mul- 
tiplied by  2  gives  the  chlorine  in  parts  per  million. 

Example:  250  c.  c.  are  evaporated  to  a  volume  of  25  c.  c.  and  chro- 
mate solution  added.  In  the  titration  3.5  c.  c.  of  silver  nitrate  are 
used.  Then  (3.5— 0.1)  X  2=6.8.  The  water  then  contains  6.8  parts 
per  million  of  chlorine. 

If  the  sample  is  highly  colored  and  very  turbid,  it  may  be  necessary 
to  clarify  it  by  treating  it  with  au  emulsion  of  alumina.  This  is  best 
accomplished  by  bringing  the  water  just  to  the  boiling  point,  and  then 
adding  alumina  and  shaking  the  emulsion.  In  a  few  minutes  the  clari- 
fied water  may  be  decanted.  This  is  allowed  to  cool  and  the  required 
amount  is  measured  out  for  titration. 

OBSERVATIONS    ON  THE  USE   OF   THE  NORMAL  CHLORINE   MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State  we  are 
then  able  to  estimate  the  pollution  in  any  natural  water  by  the  amount 
of  chlorine  present  over  the  normal.  In  some  instances  it  is  first  neces- 
sary to  ascertain  that  the  chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical 
value  both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index 
from  which  may  be  estimated  the  sanitary  quality  of  most  waters  ana- 
lyzed within  the  coast  States.  The  chlorine  also  furnishes  informa- 
tion as  to  the  source  of  deep-seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  is  in  direct  proportion  to 
the  population  on  a  drainage  area,  provided  none  of  the  sewage  is  car- 
ried outside  of  that  area,  yet  waters  in  this  region  may  have  been  puri- 
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METHODS  OF  PROCEDURE  IN  THE  DETERMINATION  OF 

CHLORINE. 

f  oui*  25  c.  c.  of  the  water  to  be  tested  into  a  white  porcelain  dish. 
Add  about  one-half  a  cubic  centimeter  of  chromate  solution  and  run 
In  standard  silver*  nitrate  solution  from  a  burette  until  the  first  faint 
reddish  tint  appears.  This  is  more  easily  noted  if,  for  comparison,  a 
dish  containing  the  same  amount  of  water  and  chromate  is  kept  beside 
the  dish  in  which  the  test  is  made. 

If  one  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to 
reach  an  end  point,  the  test  may  be  made  without  evaporation,  but  if 
less  is  required,  then  evaporate  250  c.  c.  to  25  c.  c.  volume  before 
making  the  test.  It  may  at  times  be  necessary  to  evaporate  more  than 
this  if  the  chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  c.  c.  of  the  water.  In  this  case 
0.1  c.  c.  is  subtracted  from  the  results  as  an  indicator  error.  If  more 
than  this  amount  is  used  in  titration,  subtract  0.1  c.  c.  for  each  25  c.  c. 
of  the  volume  of  water  titrated. 

If  250  c.  c.  of  water  are  taken,  the  number  of  cubic  centimeters  of 
silver  nitrate  solution  used  to  obtain  an  end  point  minus  0.1  c.  c.  mul- 
tiplied by  2  gives  the  chlorine  in  parts  per  million. 

Example:  250  c.  c.  are  evaporated  to  a  volume  of  25  c.  c.  and  chro- 
mate solution  added.  In  the  titration  3.5  c.  c.  of  silver  nitrate  are 
used.  Then  (3.5-0.1)X2=6.8.  The  water  then  contains  6.8  partw 
per  million  of  chlorine. 

If  the  sample  is  highly  colored  and  very  turbid,  it  may  })e  necessary 
to  clarify  it  by  treating  it  with  an  emulsion  of  alumina.  This  is  best 
accomplished  by  bringing  the  w^ater  just  to  the  boiling  point,  and  then 
adding  alumina  and  shaking  the  emulsion.  In  a  few  minutes  the  clari- 
fied water  may  be  decanted.  This  is  allow^ed  to  cool  and  the  required 
amount  is  measured  out  for  titration. 

OBSERVATIONS   ON  THE  USE   OF   THE  NORMAL  CHLORINE   MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State  we  are 
then  able  to  estimate  the  pollution  in  any  natural  water  by  the  amount 
of  chlorine  present  over  the  normal.  In  some  instances  it  is  first  neces- 
sary to  ascertain  that  the  chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical 
value  both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index 
from  which  may  be  estimated  the  sanitary  quality  of  most  waters  ana- 
lyzed within  the  coast  States.  The  chlorine  also  furnishes  informa- 
tion as  to  the  source  of  deep-seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  is  in  direct  proportion  to 
the  population  on  a  drainage  area,  provided  none  of  the  sewage  is  car- 
ried outside  of  that  area,  yet  waters  in  this  region  may  have  been  puri- 
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METHODS  OF  PROCEDURE  IN  THE  DETERMINATION  OF 

CHLORINE. 

Pout  25  c.  c.  of  the  water  to  be  tested  into  a  white  porcelain  dish. 
Add  about  one-half  a  cubic  centimeter  of  chromate  solution  and  run 
In  standard  silver- nitrate  solution  from  a  burette  until  the  first  faint 
reddish  tint  appears.  This  is  more  easily  noted  if,  for  comparison,  a 
dish  containing  the  same  amount  of  water  and  chromate  is  kept  beside 
the  dish  in  which  the  test  is  made. 

If  one  or  more  cubic  centimeters  of  silver  nitrate  are  necessary  to 
reach  an  end  point,  the  test  may  be  made  without  evaporation,  but  if 
less  is  required,  then  evaporate  250  c.  c.  to  25  c.  c.  volume  before 
making  the  test.  It  may  at  times  be  necessary  to  evaporate  more  than 
this  if  the  chlorine  present  is  very  close  to  zero  in  amount. 

It  is  best  to  always  titrate  with  25  c.  c.  of  the  water.  In  this  case 
0.1  c.  c.  is  subtracted  from  the  results  as  an  indicator  error.  If  more 
than  this  amount  is  used  in  titration,  subtract  0.1  c.  c.  for  each  25  c.  c. 
of  the  volume  of  water  titrated. 

If  250  c.  c.  of  water  are  taken,  the  number  of  cubic  centimeters  of 
silver  nitrate  solution  used  to  obtain  an  end  point  minus  0.1  c.  c.  mul- 
tiplied by  2  gives  the  chlorine  in  parts  per  million. 

Example:  250  c.  c.  are  evaporated  to  a  volume  of  25  c.  c.  and  chro- 
mate solution  added.  In  the  titration  3.5  c.  c.  of  silver  nitrate  are 
used.  Then  (3.5-0.1) X 2=6.8.  The  water  then  contains  6.8  partw 
per  million  of  chlorine. 

If  the  sample  is  highly  colored  and  very  turbid,  it  may  be  necessary 
to  clarify  it  by  treating  it  with  an  emulsion  of  alumina.  This  is  best 
accomplished  by  bringing  the  water  just  to  the  boiling  point,  and  then 
adding  alumina  and  shaking  the  emulsion.  In  a  few  minutes  the  clari- 
fied water  may  be  decanted.  This  is  allowed  to  cool  and  the  required 
amount  is  measured  out  for  titration. 

OBSERVATIONS    ON  THE  USE    OF   THE  NORMAL  CHLORINE   MAP. 

Having  drawn  a  map  of  this  character  for  any  coast  State  we  are 
then  able  to  estimate  the  pollution  in  any  natural  water  by  the  amount 
of  chlorine  present  over  the  normal.  In  some  instances  it  is  first  neces- 
sary to  ascertain  that  the  chlorine  is  not  from  mineral  sources. 

It  will  be  seen  that  the  normal  chlorine  lines  are  of  great  practical 
value  both  to  the  chemist  and  to  the  engineer,  as  they  give  an  index 
from  which  may  be  estimated  the  sanitary  quality  of  most  waters  ana- 
lyzed within  the  coast  States.  The  chlorine  also  furnishes  informa- 
tion as  to  the  source  of  deep-seated  springs  or  artesian  wells. 

While  this  chlorine  in  the  general  run-off  is  in  direct  proportion  to 
the  population  on  a  drainage  area,  provided  none  of  the  sewage  is  car- 
ried outside  of  that  area,  yet  waters  in  this  region  may  have  been  puri- 
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Chlorine  determinations  for  Maine. 

[Parti  per  million.] 

Source. 

Chlorine. 

CHK 

Androscoggin  County: 

Auburn,  Lake  Aubum 

Curtis  Corner,  spring 

Lewiston.  sDrinff . 

2.0 
2.0 
2.0 
2.0 
2.5 
.8 
L5 
2.0 
2.0 
2.0 
2.0 

.3 
.3 
.3 
.4 
.3 

6.0 
2.8 
4.0 
4.0 
2.0 
2.5 
5.2 
2.0 
6.0 
6.0 
5.0 
6.0 
2.0 
2.0 
5.0 
1.5 
4.0 
6.0 
5.0 

.8 

Hancock  County: 

Bar  Harbor,  Eagle  Lake  .. 
Brooklin.  SDrins . 

well 

well 

Brooksville,  spring 

Bucksport,  well 

Lisbon.  sDrine 

Livermore  Falls,  spring 

Mechanic  Falls,  spring 

water  supply 

Castine.  sorins 

Lemoine.  sorins 

Sedgwick,  Black  Pond .... 
SDrine 

Sabattus.  SDrine 

Turner,  well 

sprinsT 

West  Minot,  spring 

Aroostook  County : 

Caribou,  well 

Upper  Pond 

Kennebec  County: 

Augusta,  well 

Fort  Fairfield,  spring 

Fort  Kent.  SDrinsr 

Gardiner,  spring 

Manchester,  well .. 

Houlton,  spring 

Presque  Isle,  brook 

Cumberland  County : 

Ash  Cove,  spring 

Monmouth,  spring 

Riverside,  spring 

Waterville,  China  Lake  . . . 

Messalonskie  I^ke 

Messalonskie  River  . . . 

1                  Tobey  Stream 

'           West  Sidney,  spring 

'           Winslow,  spring 

Bmnswick,  spring 

water  supply 

Deering,  spring 

Kast  Baldwin    well 

Gray,  spring 

(irowstown,  spring 

North  Raymond,  spring... 

Portland,  spring 

Pownal,  spring 

Saccarappa,  well 

Scarboro,  8i)ring 

Sebago,  lake 

well 

Walnut  Hill,  well 

West,  Baldwin,  spring 

Westbrook,  spring 

Yarmouth,  spring 

Yarmouth  ville,  spring 

Franklin  County: 

Avon,  pond 

Winthrop   well 

well 

1  Knox  County: 

Camden,  spring 

Rockland,  water  supply... 

Thomasville,  water  supply. 

'           Union,  spring 

1 

\V  arren   sprinfir         ....... 

Washington,  spring 

1   Lincoln  County: 

Jefferson,  stream 

Waldoboro,  well 

Oxford  County: 

Andover,  spring 

Canton,  well 

Dixfield,  small  ])rook 

•I 


rn. 


3H0   ^O    K 


E9DK.] 


MAOTE* 


Chhrine  detrrminniiom  for  Mainr — Continued, 

[Fa^tA  pel-  mmioiL.] 


eotunccL 


Ghlorin^ 


Chlorine. 


iiforrl  C<>unty — Cdn tinned. 

Fryebuf^g^  well 

Gi1ea<1 ,  reservoir , , . 


Middle   dam,  Hichardeoii 
Lake 


Upper  dam^  spring 

Wekhville,  welJ_.. 

Weel  Bethel,  epring 

*teiiobecot  County: 

Bangor^  spring 

DexteFj  well..- 

H&mpdeDj  well ^- -- 

Old  Town,  spring _ 

fociatafinii?  County: 

Greenville,  apring.  ,...-,,- 

Guilford,  ipring , 

aitadahm^  County: 

Bath,  lake........ ..„ 

spring ..,,.*__-_ 

water  supply , , . 

Bowdoinhatu,  spring, .._ , 
Richmond,  wat4>r  Hupply  , . 

omereet  County; 

Pittsfield,  ;*priii(£.. - ...__-. 
The  Fork}-,  wprin^r 

ir^aldo  County: 

Brooke,  well ..,._..._,... 
StcK^kton  8pringi*  ....._... 
Swanville,  well 


LO 
-6 

.H 
.5 

1.0 
.8 

l.C 

2,0 
LO 

.5 
.5 

4,0 

ao 

4.0 

2.h 

LO 
A 

3.0 
6.0 
n,0 


I 


Waldo  County — Continued. 
Unity,  rteervoir .,,,,,, 

Winterport,  welL 

Waahington  County: 

Baring,  Sprof^uts  Fulk  . 
CalaiB,  spring, ......... 

Cherry  field,  epring, . , . , 
Eaetport,  Chatlburn  daru 

Perry  daui  .,.,..., 

water  supply 

East  Maehiaa,  lake. . . . . 
Edmonds,  spring ,-,-.., 
Hnrrington,  spring,,.,. 

Maehtas,  spring  ,. 

Yfirk  C<>anty: 

A  Ifred ,  well . , * . , 

Cape  EliKabeth,  well ,  _  _ 
Comiflh ,  fjpring ,  -  ^ , ,  , . , 

Kliot,  spring 

Hollis^  welL ,.,,,,,_,,. 
Kennebunk,  spring  * . .. 

well  .....,,,, . 

Lebanon,  welL  * , 

Limingt^'ai,  8i>riijg  , . , . . 
Lyman,  **pring. ._._.... 
Olil  Orrhnrrl^  spring, _. , 
Sand  ford,  spring. . 

well  , . , , , , 

South  Berwick,  spring  . 
Springfield,  well 


L5 
2.0 

4.0 
4.0 
2.4 
3.0 
3.1 
4.0 
4.0 
6,0 
6,0 

2,5 
1*.0 

:j.o 

5.0 
6.0 
4.0 
2,0 
3.0 
6.0 
2.7 
3.0 
3.5 
4.0 


THE   ISOCHLORS   OF   NEW   HAMPSHIRE. 

The  New  Hampshire  isochlors  (PL  III)  were  drawn  from  observa- 
lous  obtained  by  Mr.  H.  E.  Barnard,  chemist,  New  Hampshire  State 
oard  of  health,  and  from  the  w^ork  of  Mr.  M.  O.  Leighton  and  the 
uthor. 

The  outlines  follow  the  seacoast  in  a  general  way,  but  the  inland 
nes  (0.4  and  0.5  part  per  million)  are  deflected  to  some  extent  toward 
be  coast  by  the  influence  of  the  White  Mountains.     The  following  is 
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an  extract  from  Mr.  Barnard's  letter  on  the  normal  chlorine  of  H 
Hampshire: 


I  am  indoeing  the  raultB  of  the  dikmne  determination  of  670  wataia^  ooDm 
from  146  different  towna    Abont  200  of  theee  determinationa,  reprwitJug  wi 
from  the  sootheaetem  part  of  the  State,  near  the  coast,  i^ere  made  on  samptoK 
lected  ezpresBly  lor  the  chlorine  work  and  are  from  sapplies  of  known  parity, 
remainder  of  the  ezaminatione  were  made  in  the  coaree  <^  oar  regalar  work  on  m  \ 
tary  water  analyses,  and  the  resolta  are  selected  from  over  1,800  analyses.    Wf^f. 
confident  that  they  represent  normal  chlorines,  as  they  are  mainly  spring  sap 
The  chlorine  fMtor  was  not  accepted  as  normal,  however,  ontil  complete 
analyses  had  proved  the  sopply  to  be  entirely  free  from  contamination. 

Some  lew  resalts  represent  town  sapplies,  and  others  are  obtained  &om  ansl^ 
of  small  moontain  streams.    The  incorporation  of  the  resalts  of  analyses  o' 
water  has  been  avoided  becaase  the  chlorine  content  of  an  anpoUated  river  ^. 
freqaently  less  than  that  of  the  town  throagh  which  it  flows,  doe,  of  coarse, 
fact  that  the  river  is  fed  by  streams  and  ponds  along  the  moqhtains  whi 
normal  chlorine  is  low.  | 

The  chlorine  content  of  waters  along  the  coast  has  been  determined  carefn '  fl 
is  foand  to  diminish  so  rapidly  that  6  miles  will  freqaently  change  the  isocnlor 
parts  per  million.  This  is,  of  coarse,  trae  only  near  the  coast  It  may  be  «agai 
that  determinations  of  chlorine  in  water  located  directly  on  the  coast  have  litl 
significance  becaase  of  the  liability  of  change  of  chlorine  content  wh^i  heavy  stoni 
sweep  in  of!  the  sea.  I  have  foand  that  daplicate  analyses,  made  at  dilleient  seaaooi 
showed  differoices  so  slight  that  they  were  well  within  the  Hmit  of  error.  Befe 
ring  to  the  chlorine  map  yon  have  drafted,  I  am  sarprised  that  oar  isochlors  agn 
so  closely. 

The  following  list  gives  the  observations  which  have  had  a  bearin 
upon  the  determination  of  normal  chlorine  lines  in  the  State  of  Ne^ 
Hampshire: 

Chlorine  determinatimis  for  New  Hampshire, 
[Parts  per  million.] 


Source. 

Samples. 

Chlorine. 

Source. 

Samples. 

Chloriiv 

Belknap  County: 

Belmont 

5 

1 
1 
4 
1 
8 
9 

1 

0.73 
.9' 
.75 

1.18 

1.0 
.79 

1.0 

.75 

.  7 

.58 

.75 

.75 

.5 

Carroll  Co.— Cont'd. 
Lower  Bartlett 

0.1 

Center  Harbor . . . 

Moultonboro 

.i 

Gilmantown 

Laconia 

Mount  Pleasant . . 
Ossipee 

2 
2 
2 
2 
1 
3 

3 

5 
1 

.1 

Meredith 

New  Hampton . . . 
Tilton 

Snowville 

Tamworth 

Wakefield 

Wolfboro 

I  Cheshire  County: 

Chesham 

Dublin 

A 

l.( 

2.1 

Carroll  County: 

Bartlett 

Do 

Conway 

3 

1 
1 
1 

Katon . 

Fitz  William 

Do 

1  1 

Freedom 

Intervale 

Harrisville 

3 

r£       tt 


jj  IX^ 
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IrMONT    and    new    HAMPSHIRE. 


S*w-1                                           NEW    HAMF9HIBE.                 ^^^^H 

Cfdorim  deUmiinalionjit  fw  New  Hampshire— -C^ni\nn*sX. 
[RiirtB  per  million,! 

rr 

Books* 

B^V^ 

ChlQiljic 

Boutce. 

Chlorines 

Jftfirey _,_ 

as 

*87 

,86 

.T 

.88, 

,6 
LO 
1.01 
LO 

.62 

.92 

.75 

.6 

.4 

.3 

.75 

.5 

.3? 

.5 

,& 

.43 

.80 

.7 

-56 

.6 

.75 

.77 

.6 

.65 

.d 

.64 

.7 

.5 

.74 

.78 

.5 

,6 

Grafton  Co.— Cont'd, 
LincoUi  .........  1 

3 

4 

15  1 

a 

0.46 

JwSSmy,  B$flt 

Keetio ,  _  ♦  . 

iisbon ^-.- 

,75 

Littleton  ........ 

Lyme  ........... 

.74 

Do.„. , 

.7S 

Mftrlboro ,,, 

Mario w  ,,*,.,,,_ 

2 

1 

3 

1 

vi^orOL.  ...^...... 

,5 

Do-. ........ 

3 
3 
t 

.82 

MooadDock 

!  Nvtmn... - 

FHermoat.....-.- 
Kke 

.6? 
.48 

Troy -. 

Plymouth  *..,*.. 

,7 

k 

Walpole 

Do 

.... 

16 

7 

3 

2 
7 

.89 

Winchester...... 

M»  County: 
Berlin 

Warren 

iTT 

Woodsville 

Hilleboro  County; 

Amherst , 

Antrim.. __, 

.63 

Oolebrook,  __._.. 
Dummer ,. 

LOl 

ErrolK- 

Do..,, 

.9 

Gorham 

2 

Bennrngton  .,... 

Brookline .... 

Deenng 

FraaceetowD 

Gofffltown  ....... 

Greenfield  ....... 

Greenville 

3 
3 
1 
2 
6 
8 

.67 

Groveton .___ 

J4 

JefietBDQ 

Lancaeter 

Stratford  -, 

Whitefield...-.-. 
raftoD  County: 
Alexandria  -..,_- 
AfihUnd.. 

I 
2 
2 
3 

i 

.60 
LO 
L5 

.79 
L2 

Hillaboro ..,| 

Hudson ,. 

2 
6 

16 
1 
3 
3 
5 

23 
5 
6 

.66 
1.34 

Bethlehem 

Do.., 

7 

Mancheeter ...... 

Matron. 

1.34 
LO 

Bridgewaier  ,„., 
Bristol.......,,. 

Do. _._,,. 
Campion  .,_..... 

Do,.,.. 

Cftlftftn    T   .    r  -,   ^  .  -  I  ..  ^ 

1 
4 

ll 

12 

Mount  Vernon  . . . 
Nashua 

LOS 
1.5 

Newlpflwieh 

Peterboro 

WvATe 

Wilton 

LI 
.97 
L23 

L13 

Do 

Merrimack  County: 
AUenstown , . 

FnuK'onia     _ . 

1 
2 

n 

4 

L6 

Gmftjnn 

A  ndo  vet" 

2 

4 
1 

,&l 

Hanovtr, ......,, 

BoBt^weu.... 

Bradfonl  ... 

Chichester ., 

.88 

Do.......... 

Haverhill  ....... 

LO 

JRB   144 
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Chlorine  deUrminatUms  for  Vermont — Continued. 
[Parte  per  million.] 


Sonnse. 


Windaor  Co.— Cont'd 

Chester 

Hartford 

Norwich 

Pomfret 

Plymouth 


Samples. 

Chlorine. 

4 

0.55 

5 

.56 

7 

.47 

1 

.7 

1 

.6 

1 

Source. 


Windsor  Co.— Cont'd. 

Rochester 

Royalton 

Springfield 

Windsor 

Woodstock 


Samp 


Besides  these  observations  the  following  may  also  be  coi 
estimating  the  isochlors  for  this  State: 

Chlorine  detemdnaiionii  for  Vermont — Additional  lisl. 
[Parte  per  million.] 


Source. 

Chlorine. 

Source. 

Arlinffton.  (mrinff  ..-,r , 

0.5 
.5 
.4 
.4 
.5 
.4 

.4 
.5 

Manchester,  water  supply. . 
Middlesex,  spring 

Bamet,  water  supply 

Benninston.  sorinflr 

Monkton,  water  supply 

Morrisville,  spring 

North  Troy,  spring 

Readsboro,  water  supply. . . 
St.  Johnsbury,  Stiles  Pond. 
Waltham,  spring 

Camhridflre.  SDrinflr 

East  Burke,  spring 

Enosbursr  Falls.  SDrine 

Georgeville,  spring  just  above 
State  line 

Lincoln,  spring 

THE  ISOCHLORS  OF  MASSACHUSETTS. 

The  Massachusetts  isochlors  (PL  IV)  are  practically  th 
those  published  by  the  Massachusetts  State  board  of  hea 
report  of  1890.  In  minor  respects  these  lines  have  been  i 
conform  with  the  work  in  adjoining  States.  It  is  only  in  i 
of  1  part  per  million  that  any  material  change  has  been  in 
line  was  modified  to  agree  with  the  work  in  Connecticu 
York. 

The  northeast  winds  sweeping  across  this  State  have  a  t 
drive  the  chlorine  far  inland,  and  it  will  be  seen  that  most  < 
are  farther  from  the  coast  than  would  be  expected,  and  that 
is  greatest  in  the  most  exposed  areas.  In  the  western  j 
State  this  is,  to  some  extent,  counteracted  by  the  Holyoke 
the  Berkshire  Hills. 

The  following  average  observations  have  influenced  the 
ment  of  the  position  of  the  Massachusetts  isochlors: 


^CHUSETTSp    I 


1 
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Chlorine  ddermmatUms  for  F«rmofi(— Continued. 
[PartB  per  milUon.] 

Bonne. 

Samplee. 

Chlorine. 

Source. 

BuBgim.   i 

Windsor  Co.— Cont'd. 
Chester 

4 
5 

7 

1 
1 

0.55 
.66 
.47 
.7 
.6 

Windsor  Co.-Cont'd. 

Rochester 

Royalton 

Springfield 

Windsor 

Woodstock 

4 
2 
9 

4 
5 

Hartford 

Norwich 

Pomfret ......... 

Plymoath 

Besides  these  observations  the  following  may  also  be  considtt 
estimating  the  isochlors  for  this  State: 

Chiorine  deUrminatiowi  for  Vermont — Additional  lisL 
[Parts  per  million.] 


Sonroe. 


Arlington,  spring 

Bamet,  water  sapply 

Bennington,  spring 

Camhridge,  spring 

East  Burke,  spring 

Enofiborg  Falls,  spring 

Georgeville,  spring  just  above 

State  Ime 

Lincoln,  spring 


Chlorine. 


0.5 
.5 
.4 
.4 
.5 
.4 

.4 
.5 


Source. 


Manchester,  water  supply. 

Middlesex,  spring 

Monkton,  water  supply. . . 

Morrisville,  spring 

North  Troy,  spring 

Readsboro,  water  supply.. 
St.  Johnsbury,  Stiles  Pond 
Waltham,  spring 


THE  ISOCHLORS  OF  MASSACHUSETTS. 

The  Massachusetts  isochlors  (PI.  IV)  are  practically  the  sa 
those  published  by  the  Massachusetts  State  board  of  health  ii 
report  of  1890.  In  minor  respects  these  lines  have  been  modi: 
conform  with  the  work  in  adjoining  States.  It  is  only  in  the  is* 
of  1  part  per  million  that  any  material  change  has  been  made, 
line  was  modified  to  agree  with  the  work  in  Connecticut  anc 
York. 

The  northeast  winds  sweeping  across  this  State  have  a  tende 
drive  the  chlorine  far  inland,  and  it  will  be  seen  that  most  of  th* 
are  farther  from  the  coast  than  would  be  expected,  and  that  this 
is  greatest  in  the  most  exposed  areas.  In  the  western  part 
State  this  is,  to  some  extent,  counteracted  by  the  Holyoke  Rauj 
the  Berkshire  Hills. 

The  following  average  observations  have  influenced  the  esti 
ment  of  the  position  of  the  Massachusetts  isochlors: 


"^^ 


10 
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CSU&rm  d^erminaiio/M  Jot  Ma«ia>chu$HU. 
[FrnttB  per  mlUlon.] 


Sounse. 

Cblorlnt. 

Sauroe. 

Ohlorine. 

ferkahire  County: 

Hampden  County— Continued. 

Cbiahire,  reservoir , , 

0.6 
.7 

Monson,  well , .,. 

L2 

Dalton,  Ejty pt  Brook . .  „  - 

Rnseell,     middle    branch 

lower  reservoir 

.7 

VVestfleld  River  .... 

.7 

Greftt   Barrington,   Greeo 

Springfield,  Ludlow  reser- 

River.  

.9 

voir .,._* 

Hatn  ptfhi  re  Cou  n  ty : 

L2 

HmsdAle,      eaat      bmnah 

Houeatonlc  River..* 

.8 

Huntington,   eadt  branch 

1 

Wi3«tfield  River-  — 

LO 

i            Htomge  reservoir 

.7 

f 

T                 T                        1                                                                            * 

middle  branch  West- 

Lee^  lower  re«en^oir_ 

.7 
.7 

field  River  .,...„>, 

-9 

Ijesox.  reservoir- , __. 

Middlesex  County: 

North  AdamB.  Notch  Lake. 

.s  1 

AjhJand,  Basin  No.  4, , .  „ . 

2,3 

Pittiifield,  PontooaucLake, 

.4 

Concord,  Sandy  Pond.*.-- 

2.6 

MillbrotDk  reservoir . . . 

.9 

Framinghani,  reservoir 

2,  a 

Sackett  Brook 

.S 

1  ludBon,  Gates  Pond . 

2.0 

Sheffield,  spriiJi^ 

.7 

P^perell,  spring  , . , . 

L& 

Stockbridge,  Lake  Averie_ . 

.7 

Sudbury,  reservoir 

2.2 

WiiliainMown,  Cold  Spring, 

,6 

Wayland,  Snake  Brook  ... 

2.3 

Bheraian  Sprmg ^ 

,6 

Fall  River,  Watuppa  Lake- 

5.2 

5.3 

Nantucket  County: 

Nantucket,    Wannacomet 
Pond 

22.6 

New    Bedford*    AcUBhnet 
reservoir *_...-.- 

Plymouth  Connty: 

Hingham,  Accord  Pond.*. 

i^iejc  Coantv : 

6.0 

Lakeville,  Long  Pond,,-,, 

4.5 

Andover,  spring „ , . 

Dauven*,  Miilrlleton  Pond_ 

2.7 

Plymouth,     Little    South 
Pond .__ 

6,2 

Haverhill,  CrvPtal  Lake... 

Won?eater  County ; 

Ipewieh,  storage  resen^oir. 

5.3 

Ashhuruham,  storage  res- 

Methuen,  spring _  - 

^Vanklin  Cijiinty: 

2.0 

ervoir. ....,.,,,,,.. 

L3 

Berlin^  Fosgate  Brook , 

L9 

Con  way  J  hrfKik 

.7 

Clinton^  Lvndtifii  BrfXik**   * 

L6 

-    Deerfield,  brof.)k__ 

.« 

?1  olden,  Tatnuck  Brook.  _ 

L2 

Greenfield,  OWn  Hmok  _.. 

LI 

J -Leicester,  storage  reservoir. 

L2 

Montagu«,  l-akt>  Plextsant.. 

Lt) 

I^eonunster,  Hayn^^  reser- 

Northfield ,  rese  r v  i ji  r , 

.7 

voir  .._. . 

L2 

Orange,  reservoir .,..,_.,, 

.9 

North    Brookfield,    Doan 
Pond 

I  2 

Whatelev,  West  Brotjk- . . , 

,9 

Rutland,  Musquahog  l^ke. 

L4 

Iwnpden  County: 

Cheater,  Austen  Brook  res- 
ervoir   - 

.6 

South  bridge,  reservoir  . .  *  * 

Spent^r,  Shaw  Pond , . 

Sterling,  Stillwater  River,. 

L3 
L4 

Chi  rupee,   Coolev    Brook 

LA 

re^rvoir  ....*....,, 

1.1 

Won-ester^  &jttonjly  Pond. 
Kent  reaervoir, 

L5 

Granville,  middle  branch 

L5 

Westtield  River-... 

L2 

Tatnuck  Brook  reser- 

Ludlow, Chapin  Pond 

LO 

voir  .._...,,., 

LS 
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THE  I80CHL0RS  OP  RHODE  ISLAND. 

The  lines  of  equal  chlorine  for  Rhode  Island  (PL  IV)  are  dram 
from  data  furnished  by  Dr.  Grardner  T.  Swarts,  secretary  of  tht 
Rhode  Island  State  board  of  health.  Observations  made  in  Massi- 
chusetts  and  Connecticut  were  also  of  great  assistance  in  defining  then 
lines.  The  following  analyses  in  Rhode  Island  have  influenced  the 
determination  of  their  position: 

Chlorine  determinations  for  Rhode  Island. 
[Parts  per  million.] 


Source. 

Chlorine. 

Kent  County: 

Washington,  Carr'e  pond. . . 
Ejast  Greenwich 

2.9 
4.0 

Newport  County: 

Block  Island,  Sand's  pond. . 
Providence  County: 

Pawtuxet  Valley,  reservoir. 

Pawtucket  supply,  Abbott 
Run 

30.8 

3.4 
3.2 

Woonsocket,  reservoir  No.  3. 

2.2 

Source. 


Providence  County — Continued 

Harrisville,  Wallum  Pond. . 

Foster,  spring 

Diamond  Hill,  well 

Washington  County: 

Wakefield,  spring 

Rocky  Brook 

West   Kingston,    Barber's 
pond 

100-acrePond 


Chlorine. 


3- 
3^ 


THE  ISOCHLORS  OF  CONNECTICUT. 

The  normal  chlorine  linos  in  Connecticut  (Pi.  IV)  were  establishec^ 
by  Dr.  Herbert  E.  Smitli,  chemist,  Connecticut  State  board  of  health 
and  Dr.  Frederick  S.  Hollis,  from  whose  article  in  the  report  of  thes= 
Connecticut  State  board  of  health  for  19()*J,  together  with  their  obser^ 
vations  on  normal  waters  of  the  State,  the  extiact  (juoted  below  i^ 
taken. 

Observations  .since  obtained  from  Doctor  Smith  give  data  for  add- 
ing the  4,  5,  and  6  lines  to  the  map.  The  strong  protecting  influence 
of  Long  Island  cuts  these  lines  off  on  the  western  coast  in  a  very 
peculiar  manner. 

NORMAL    DISTRIBUTION    OF   (?HU)KTNK    IN    ('<)NNK(  TICUT. 

In  the  report  of  the  Connecticut  Stat<»  board  of  liealtli  for  lS9o  ii  chlorine  map  of 
the  State  was  published,  which  was  bailed  on  averages  of  ('lilorine  determinations 
from  38  sources.  The  origin  of  chlorine  in  natural  watern  and  the  value  of  an  accu- 
rate knowledge  of  the  normal  chlorine  of  a  district,  any  excess  above  which  is  an 
imix>rtant  factor  in  establishing  the  degree  of  contiimination,  were  fully  discussed. 

During  the  seven  years  that  have  elapse^l  since  the  publiciition  of  the  map  many 
of  the  sources  used  in  the  construction  of  the  isochlorine  lines  have  been  reexamined, 
and  many  new  sources  have  been  examine<l  by  making  monthly  or  bimonthly 
analyses  during  one  or  more  years.     Much  information  has  been  gained  also  from 


BON.) 


COITNECTICUT, 


lai^  namber  of  analyses  of  individuiU  naii^pleg  from  ditbrent  parts  of  the  State, 
1  the  systematic  examination  of  sprlni?  waters.  The  av^mges  of  the  chlorine 
^nninations  from  those  soureiea  which  appear  to  be  free  *}T  prai-tic^lly  free  from 
;amination  are  used  in  the  coostruetiou  of  the  new  map.  The  71  e<:)ur<:^^  are 
ded,  according  to  the  number  of  analyse?,  into  three  i^rouijs  &nd  entered  alpha- 
(»iJ2y^  «  «  «  £ac)|  avera^  L^  t^nt'^red  on  the  map,  and  laochloHne  linee  are 
wn  indicating  the  center  of  the  cf^mparatively  limited  xoneti  in  which  the  chlorine 
les  with  that  of  the  given  chlorine  line. 

onsiderable  difficulty  was  foand,  sa  in  the  *.'£me  of  the  ejirlier  map,  in  locating  the 
B  in  the  eastern  part  of  the  State,  where  there  are  very  few  public  eiippHea  and 
Q  which  section  but  few  detctrminatioriii  have  beeti  made.  Samples  were  analysed 
ithly  from  April  to  SeptembtT,  UK)2»  from  VVyassup  Pond,  in  North  Stonington; 
chdale  Pond,  in  Voluntown;  Moosup  Pond,  in  Plaiofield  (the  drainage  area  of 
ich  extends  into  Killingly;  the  Daiiielflon  reservoirs,  in  Killingly,  and  Crystal 
id,  between  Eastford  and  Wooflsitoek.  These,  with  f»re\iou9ly  collected  data, 
bably  locate  the  lines  with  a  fair  dejBfre*^:  of  accuracy,  and  have  resulted  in  lower- 
the  3  and  2.5  lines  considerably  and  In  raimng  tiie  2  aitii  L5  lines,  a»  cum  pared 
h  the  earlier  map. 

AVBBAGES  OF  CHLORINE   ruCfEHMl^ATIONa  UPON    WRICH   TIIK    MAP    IS   HABED. 


[l*iirUi  jwr  tnillioii  J 


SOURCES  FROM  WHICH  TWRLVK  OK  MOftK   h^ If^KM I N ATlO K»  htAVK   HEEM   HADE. 


>onia 2.8 

lin 1.9 

hany 2.4 

hel 1.9 

tiford 4.5 

Igeport 3.7 

5tol 1.5 

iplin 1.9 

ihury 2.8 

"ham 2.  7 

t  Haven 4.1 

fton 2.  9 

njington 1.8 

«hen 1.5 

ienwich 3.0 

mden 2.  4 


Kent-. 

Killingly 

Killingworth,  -  - , , 
Manchester  ,,,,., 
M  eriden  ...,,,,,, 

Middietfjwn 

MurrtK . 

Niiu^tnck 

Naii^Jtnrk  Riv*^r. 
Nm^  C'lmaiLii  ,  , . . 
Ntu  Milf(>rd._._ 
ISnrth  tliuatui.. , . 

Norwich ..... 

Orange  ...... . 

Ko(kville.., 


L6 
2.3 
2.9 
LS 

1,9 
2.5 
l.G 
2.0 
1.6 
2.7 
1.8 
L2 
2.« 
2,:t 
1.6 


lUdgeiield 2.2 

Seymour 2,  3 

Bouthington  .,.*,.*,,  J .  7 
Do., .,.,  1.9 

South  Manchester LS 

Stauifonl „.  2,3 

Stonington.. ..,,  6,1 

Thomaston 1.6 

Watcrtown 1.7 

Wat*>rfurd H.S 

West  HartfoRl ,_...._   L6 

Wt*Ht  Haven  ,.,. 6.0 

Winchester  ,  _ L  3 

WoK'ott L9 

Do 2.0 


HOURCKS   FKoM    WHICH   SIX    DKTKRMI NATIONS    HAVE   BKKN   .MADE. 


»ter .S.O  Oxford 1.7 

tford 1.8            Do 2.2 

58up 2.2    Stafford  S])rin^s 1.6 

th  Stonington 8.  1    Thoiiuistoii 1.6 


Union 1.4 

Voluntown     ,     2. 7 

West  Cornwall 1.1 

Do 1.3 


SOURCES   FROM    WHK  H    TMRKK    DKTERMINATIONS  HAVE   BEEN  MADE. 


t  Granby 1.  6 

t  Hartford 2.0 

mington 1.9 

3Wold 2.  8 

)ron 2.  6 

V  Canaan 2.  7 


New  Hartford 1.3 

North  Cariiian 1.1 

Portland 2.4 

Plymouth   1.9 

Salisbury 0. 9 

Shelton 3.1 


Southington 1.9 

Simsbury 1.8 

Westbrook 6.7 

Windsor  Locks 1.5 

Woodbury 1.9 
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ll 


CTTOff       (H«rideD 
MipplT). . 


Brmafonl . .... 


Brld8«p>rt     (Uluid 

BfOoL  supply) 

Briitol,   fetongp  ret. 


nipplf)..^ - 


WfetroQi 


supply)"-- 


East  L^ltG  ADd 
PndaoArminrei^ 
erv*jJr  .„.. 


PHUK** 

Enfltford,     rryntal 
Puud  f , 


KutCrnnby/. 


But  Hurt rord 

East  llHVcn,  L&lcti 
KalLomtaM  {Hew 
liaveu  ttupply) 


19     t-l 


lli  IMI 


1. 
2.1 


4.5  »Q& 


i.7 


2:5 


12    Zl 


im7 


1M 
1401 


laM 


IMI 


l.i  VW 


1805 


19M 


1M» 


1$    3.4  IBK 

h    l.a  1896 
3     2.o|  1897 

4.  J   1890 
1891 

im 

lINfi 
IftM 

1»00 
IVOl 
1902 


1.90^  4.30 


■  Ansonla  Water  Company.    From  Htoragc  re»crvoir  on  Beaver  Brook. 

6 New  Haven  supplv.  Dawson  rvMcrvoir  is  in  Woodbridge  on  West  River,  iiiid  receives  water  from 
Chamberlain  reservoir  on  Sargent  River  and  from  Bethany  reservoir,  4  miles  ulwve  Duwson  reservoir 
on  West  River. 

<*8ituated  partly  in  Woodstoelc.  Samples  by  Dr.  F.  S.  Smith  from  the  MUiree,  which  is  a  small 
natural  lake. 

<<Wallingford  public  supply. 

« Samples  by  Dr.  H.  H.  Converse,  of  Kastford. 

/Samples  by  Dr.  C.  M.  Wooster,  of  TarifTville,  from  a  small  private  reservoir  or  lake  in  East  Qranby. 
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Odorivte  dgtffminationM  for  Connecticut — Ck>ntinued. 
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.    _ .     ripply) 

voir  No.  I. 

QftEDMkh.       Rock- 


@tkv^  ^Jewett  Dty 


a.  Uke  Win- 
Ifijitfji  (New  Ha^ 


^mgijK 


_^orih    (Clln- 
Iftiuppjjf) .- 

Uilillmtlng  res- 
srroir  , „ , , , 


^^letown,     laurel 
Brook  rraervolr  „,, 


lAk«0 «.>.*..,., 


Monti  ii. 


12    2.9 

I    iM  isifr 

12 
12 


1.^ 


1.5?  tM7 

3,0  1«»6 
1898 


2.3 


17   1.6 


12 


3a 


*2.^ 
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imo 

1097 

vm 

19f» 
1901 
19UQ 
1«S6 

la&l 

1900 
189fi 
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law 
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1890 
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1, 

S.SI 
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1.7 
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2.40 


L78l 


2.40 
2.7U 

l.iSO 

1.70 

8.12 
3.00 
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8.0 


2.10 
1.4 


a.  a 

1.. 

|2.^ 


00 

m 

20 
2.70  ^.70 


U.HO*  3.70 
L70.. 


L70   1,7*  1.10 


2.1 


2.30  2.86  2.70 


t.eo 

Llfl 

S.20 
2.60 
a.  50 


3^3 


100 
1.70 
L90 

3.18 


1.4 
1.20f 


2.70 

3,44 
1.30 
1.70 


2.4 
1.9 


hWi  l.BO 
1,40  l.bO 


3,30 


2.eo  2.90 


X&4 


L& 


2,25 


1.9 

L50 


2.S 
2.3 
2.10 


13 
2.10 


l.TOl 


3.60 


2,60 


16 
l.&Of, 


IMO 


1301  *i  7< 
l.fiO 

i,ao 


2.3 
L40 


3,0 
2.6 
2.40 

2.50 


2.a0;  2.60 


t.m 


3.75 
2.30 
2.26 

2.  CO 


L 

3.70 
3L0Q 


100 
134 


i.e 
11 

1.10 


1.70 
1.70 

3,40 
2.70 


2.2 
1.2 
L9Q 


llO 
2.b6 


10 


13 
l.i 
l.TO 


0,96 


14 

2.40 


1.46 


IVOJ  3^00'  ZiO 
..I  1.2S 
I 
LTOJ  Lao  1,00 


1.10 

3,40 

2.:ki 

174 


l.SO 

2.1(^ 


i.ao'  1.60  1,70 


1.40 

3.80 

2.4U 
180 


E.0 


2.6 
2.4S 

Lao|, 
1. 

IBOl, 
120 


2,2 

12 
1.M 


2.40 
SLIO^  2.20 


I.IS 
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13 
13 


2.90    2.90 
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2.10 
1.^ 
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3.4A 


1.00 
110 


3.20i  3,40 


2,  MO 


lOO  172 
110** 


9.S 


3. 40 


l.«0 


3.30 


2.10 
l.fiO 


3.10 


3.1 


2.94 

L 
1.74 


1.8& 


2.80 


1,90 


2.90 
J.  00 

3.40 

3.00 
110 


%$ 


3.00 

2.30 
8.00 


1.9 


10 
10 

i.ao 

2.  A 
1ft 

3,10 


3,42 


I  Hebron. 


.001  l.«0 

ill] 

^ .        by]  

Duiielaon  lupply.  Months  of  1897  sample  collections  not  driven.  Samples  in  1902  by  Mr.  Q.  8.  Brown 
from  a  tap  in  Danielson. 

tfSamploi  by  Dr.  W.  W.  Adama,  of  Moosup.    Dnina^ 

dBmnch  of  Naugatuck  Riyer  ( Waterbury  sapply). 


a  Samples  by  Dr.  C.  H.  Pendleton  from  a  natural  spring  in  the  eastern  part  of  1 

^Samples  in  1896  collected  February  26  bv  Mr.  A.  B.  Prentice  from  tne  various  reservoirs  of  the 

[)anielaon  supply.    MontV     '  """^  ' —        ' " -* —     " »— i_.~w 

from  a  tap  in  Danielson. 

1  by  Dr.  W.  W.  Adams,  of  Moosup.    Drainage  area  partly  in  Killingly. 

rer  ( Wa  *  " 
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Chlorine  delerminaikmM  for  Omnectieiil— Oontinned. 
[PwrtopermUUoD.] 
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Soaree. 


It 


Naogatuck, 
rannrolr.. 


■tonfre 


NaugmtDck    Ri^er, 
abo^e  ToirlnftOD . 


New  Canaan. 


Norwalk,  storage 
reaexYoir 


New  Hartford: 

Soath  reaeiYolr... 

Stone  Biook  res- 
ervoir   

NewMilford 

North  Canaan: 

Norfolk  supply . . . 

Public  snpply  .... 


North    Stoninston, 
WyassupPona6.... 

Norwich,  storage  res. . 


Orange,  Malt  by  Lake,  ' 
(NewHavt^n  supply)  I 


Oxford: 

Hatter's  Springe  . 

TowanticSpringd 
Plainville 


24  2.0 


M 


8  2.7 


20 


1896 


1901 


1.6|  1888 
1894 
1886 
1896 
1897 
1897 


86  2.7 


1^^ 


1894 
1897 
1900 

[1896 


l.g 


1.1 


8.1 
2.6 


1897 


1897 

1.2|  1804 

1900 


1902 

1889 
1890 

I  1891 
1H94 

I  1899 

2.3  1897 
'  1898 
i  1899 
I  1900 
1  1901 
\   1902 


J  1.7  . 
6  2.2 
ai  1.9  ' 


Plymouth  (Terryville  I       | 
.supply) !     3 


Portland 

Ridgefield 

Rockville,  Schenipsit 
Lake 


Salisbury  (Lakeville 
supply) 


1.9 

3;  2.4 
12'  2.24 


23 


8 


1.6 


0.9 


1895 
1895 
1897 

1897 
1897 
1901 

1890 
1891 
1900 

1898 


2.2 
2.52 


1.4 
1.7 
1.80 
1.80 


2.2 
8.10( 


1.7 

1.6 

1.66 

1. 

8.40; 

8.5  8.0 
8.45  8.40 
3.00  2.20 


1.5 
1.20 


1.20 


1.50 
2.0012.80 


LIO 
0.9 


2.0 
1.60 


1.8 
1.8 
1.40 
1.80 


2.6 

2.90 

2.70 


1.70 


1.2 
1.00i 


2.0 

2.8  I 

3.2 

2.20I 


2.5 
2.1)  I 
-•■1  , 


2.5 
2.3 
3.3 


t 


1.5 
1.661 


1.2 
1.6 
1.80 
1.20 


2.6 

8.00 

2.40 


L70 


1.0 


3.24 


1.8 
1.5 
1.66 
1.80 


2.4 

2.70 

2.20 


1.70 


1.4 
1.60 

2.74 


1.9 
1.801 


0.9 
L6 
1.56 
1.20 


1.8 

2.80 

1.90 

1.10 


1.2 


3.40 


2.8  2.1 
2.7     2.5 

2.9  I  3.2 


1.7 

1.86| 


i 


L4 
1.6 
1.90 
1.10 


L5 

L8 

2.20 

L 

2.00 

2.2     2.2 
8.00|  2.60 
2.00  2.60 


l.lOl 

1.0 

1.80 


3.1 


1.80  1.60 


1.1 


2.70!  8.401 
2.3 


f 


2.0 

1.761 


XO 
1.7 

2.10 
1.60 


8.4 

2.60 

2.46 


1.80 


1.8 
1.00 

8.20 
2.0 
2.5 


I  3. 1     3. 3 
30   l.tM)'  2.00;  2.20  2.60 

1,1 


2.58  2.M 


I.90L.. 
1.30!... 

2.I0L. 
1.78... 
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30... 

.%!... 

I 
70... 

4-1  ... 

..i... 
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2. 20 . 


2.30 


2.74 


2.30|. 
2.70 


1.8 
L20 


1.1 
1.70 


.801 


1.3 
1.30 


1.8  ,   1.8  ' 
2.2     2.5 
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1. 


1.7 


5 

0     2. 1  '  2. 0 
1.90 


2.  .50   1.50 


1.8     1.5  , 
1.60   1.30, 


l.(k)  . 
2. 30  . 
I.80'  2.30 

I 


1. 


3.5 
2.10 

2.50 

2.00 

1, 

3.00 

2.30 


1.9 


2.00 
L5 


X8 

8.10 


2.0 
XO 
1.61 

1.60 
8.70 

2.9 
XOI 
2.74 

1.70 
1.00 


1.06| 
1.8 


17 
lOOl 

L8 
L6 
IS 
1.861 


u 

Li 

11 
L» 
lOOlt* 


18 

1101 


110«.60llli 


T 


1.4 : 1.1 

1.40 


1.6  1 15 
19    8.4 


2.5  I  3.2  I  8.6 
2.10!  3.20,2.40 


'no 

180 

.! L90 

106 


I 


1.70. 


2.60 
2.14 

1.5 


1.50   1.40   1.50   1.30 
I I  1.30 


1.70 

2.26 
1.8 


156 


164 
16 


1.60  1.46 


a  Not  included  in  average. 

frSamples  by  Mr.  E.  H.  Kuowles,  of  North  Stonington. 

«  Samples  by  Dr.  Lewis  Barnes  from  a  natural  .spnng  located  on 
in  Oxford. 

ifSamples  by  Dr.  Lewis  Barnes  from  a  natural  spring  located 
Spring. 


the  west  aide  of  Little  River  Valley, 
about  half  a  mile  east  of  Hatter's 


[  J4aiDMj 


CONNECTICUT, 


ST 


A 


^SSkJu 


Foontiiln 


She]  ton. 


i     (New 

l^riu;  Brook  ... 
Sbuttl«    Meadow 

1*J£« 


Tftyloi-fioiBgertM, 


S»«ttfotai,     TrinJtj 


florftge 


Tboi8J4toii: 


^li'itigb 

Volonu^^n; 

**^i^hPoad 

^T^l      Meadow 

ftmok .... 


12 


24 


}« 


35 


Wftte 


J'fijrd. 


Lu  k  L* 


&,1 


18B7 


1.7 


e.7 


13^ 
18M» 
1801 
1«M 

1900 

IWO 
I«DP 

tmo 
imi 

1900 
1SS9 

i»w> 

ISP4 

]N^  ' 

VMJQ  \. 

I 

1399 

ISIM 
1099 
19Q0 

imd 

IKie 


a- 70 


i.eoi 


2.S 

1.7 
l.t 

i.ao 
i.eo 


4 


2.60 
a,9Q 


1.40 


1.20 


Z6 


2.  to]  L50 
[6.B 


6.0 


8.10 


i.ao 


3.4 


%2D 


1,30 
0.70 

L40 

LSO 
l.S 


2.Z 


3,9 
3.0 

a.  5 

a.  10 
i.r4) 

1,70 


1.90.  L90 


4.4 

4.10 

1.4 

1.2 
3,1 

1.5 


3»a 

A.  10 


1,2D 


3.3CK 


i.eo 

2,0 
2,0 
1.60 


2.  a 


I.W   LAO 


».l 

4.ao 


2.90 


1.30 


1. 30.  L30 


2.201  2.101  3.00 


%t 

2.0 
2,1 
1.90 

1.90 
1.0 
1,50 
l.SO 


2.3 

1.90 

&4 

4.m 


3,20 

1.50 
1.40 
LSI 
4.7 

LI 


3,€0 


2*0 


l.«0 

2.0 

1.6 

2.0     2.0 

2.w|  2.S0 

L«0 
2.0 
L7C 
LM 


L8 


3.  so 

1,1 
i.s 

L4 

1.2 
1.3 

2.1» 


2.0 

2.00 

A.  a 

4.30' 
L& 


^40  2.S0 


L9 

L8 


2.0 
L70 


LB 


L6 
L5 
L4 

2.e2 


N.3 
3.00 

LiiO 
.90 
I.lOj 
0.S 

L2 

1.3 


3,30 

LOO 
1, 
L9D 
7.1 

].l 

1.2 


2.70 

3.10 

1.0 
L7 


2.fHK 


3.4 

2.:o 

LIO 
1.70 

i.eo 

7,4 

LI 

1.3 


LTD 

LS 
2.2 


2.9 
L90 

L90 
1.9 

urn 


2,70  11.20  4.au 


i.«6 


L» 
1.9 
LA 

2.86 


2,7 
2.90 

LflO 
1.90' 
L64 
7h8 

L4 

L« 


3.P0 
»,00 
2.10 


3.00 

2.0 
1.3 


2.3 
2.00 


2.6 


12.3 


5.7 


3.7 
3.10 

2.70 
2.10 
2.00 


L^  2.20 


2.10  2.30 


2.1 

2.10 


2.30 
2.3 


2.m 

2.e 


7,0 


5.00  5.30 


2,0 


LS 
LS 


L8 
2.10 


2.1 
2.10 


L8 


3.10 
ft? 

6,00 

1.3 

1.3 


2,0 
2.0 


lol  a. 


20 


LW  L40 

3.]o'  2.A0 
3.S0i  L@0 


*^«biook#. 

WwOofTiwaiL 
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'Jtfttrinj^  Brook;  part  of  drainage  area  in  Union. 

tMmp\en  hy  Ur.  R.  S.  Goodwin  from  a  natural  spring  located  in  the  western  part  of  Thomaston. 

i'^mpli?#  by  Dr.  F.  L  Smith,  of  Stafford  Springs,  from  a  small  natural  lake  located  in  the  western 
pert  of  Vnion  and  usiri  as  a  private  water  supply. 

rfSampies  by  Rev.  K   Dewhurst,  of  Voluntown. 

fSunpk'^  hy  iJr.  T.  II.  Bloom  field  from  Dies'  Pond. 

/SHJoplea  by  Mr.  T.  S  Gold  from  a  small  natural  lake. 

tf  SlUiiplai  hj  Mr«  T,  d.  Gold  from  a  natural  spring  which  is  used  as  a  priyate  supply. 
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THE  ISOCMLOR3  OF  NEW  YORK, 


m 


New  York  produces  more  stilt  than  any  other  State  in  the 
and  it  would  lie  iiatunil  to  supixi.se  tlitit  tlit^se  salt  deposjti*  would  1 
materiiilly  a  large  portiou  of  the  waters  in  this  region.     Such, 
e^'er,  ha-s  not  been  found  to  he  the  c^uNe,     In  thi?^  State  the  salt 
have  only  11  hual  inHui>nct\  nm\  no  nun  1  wati^rs  may  he  found  withiui 
very  narrow  nint^e  of  tiiesft  deposits.     The  dist riots  from  which 
iM  olitained  are,  Ithaca,  Tompkiui*  tVMinty;  Le  lloy,  (Jenesee  Count 
Sy raciLse,  Ono n t higa  Cf > u  1 1  ty ;  W a rsa w ,  Wy o  1 1  li n ^  C'o u n ty ,  and  Y o rk, 
Livingstuij  t.*ourity. 

In  all  of  thesis  districts  the  normal  Is  l>elow  0.4  part  p^r  mill  ion,  and 
a  water  contaminated  hy  f^alt  from  these  deposits  wouhi  in  most  cil'^gs^ 
be  so  very  much  higher  in  chlorine  that  it  could  hardly  1^  mistaki|| 
for  ordinary  poIlutioM,  ' 

The  determination  for  the  normal  chlorine  lines  of  New  York  State  j 
(PL  V)  is  the  result  of  analyses  made  by  the  author  at  Mount  Pros- 
pect laboratory.     The  time  of  making  analyses  extended  over  a  period 
of  six  years,  and  the  results  represent  many  thousand  doterminatioilB^ 
of  chlorine.     The  largest  number  of  samples  wi»rc  examined  on  Ijon|f  ] 
Island,  Staten  Island,  and  near  the  coast  on  the  mainland  where  tlie^ 
diflFerences  in  chlorine  were  greatest  over  a  limited  area.     It  will  be 
seen  that  the  Catskill  and  Adirondack  mountains  cause  deflections 
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I  inward  the  coast  m  the  isochlors.  Thii^  U  due  to  the  precipitation  on 
tbeir  southern  «lopesof  the  moisture  in  the  lower  la^^er^  of  the  atmos- 
phere which  naturally  cDntain  the  greater  portion  of  the  salt* 

It  will  also  he  noted  tliat  Long  Island  has  u  remarkable  effect  in 
lowering  the  chlorine  on  the  mainland.  The  lowejjit  i^ochlor  on  the 
mainland  h  3  parts  per  million,  whereas  if  it  were  not  for  the  protet*t- 
ing  influence  of  the  island  it  would  undoiibtedlj  be  6  parts  per  million* 
Artesian  wells  in  Manhattan  lio rough  have  been  found  which  have  u 

;  chlorine  content  of  as  low  as  2  parts  per  million,  but  these  may  he 
considered  to  Ije  below  normal  antl  to  consist  of  water  from  some 
distance  north  of  the  point  from  which  they  were  drawn* 

The  following  is  a  list  of  some  of  the  waters  which  have  had  an 
influence  upon  the  establisbaient  of  the  isochlors  for  New  York 
State: 

(Marine  determimUums  for  New  Yorh 

[F^TU  per  million.] 


iMuro^, 

ChlorJQ^ 

Buurc!«. 

ChIo(rLn<?. 

Albany  County: 

li vingaton  County; 

Cooksburg,  CalekUl  Creek, 

0.i 

Son  yea,  spring ._,*,., 

0.3 

D^Laware  County: 

New^  York  County: 

East  Branch,  reservoir 

hS 

Wiiliatnibridge ^  _ .  _ 

2.2 

East    Branch    reservoir, 
Tonnetta  Brook  _,, 

Dutchess  County: 

L3 

Omnge  County: 

Middle! own,    Highland 
Uke 

LO 

Clinton     Hollow,      Little 

Mohej?a»  Lake  ,,..,,, 

.9 

Wappinger  Creek . . . 
FiBlikiU,  Whaleti  Pond.... 

Sprout  Ponil , 

Millerton,  Wobotuck  Creek 

1,0 
LO 
1.0 

.3 
.3 
.Z 

.4 

.  5 
.6 

Tiixe<.lo  Park,  spring ._.,*. 
,  Oswego  County: 

t>swego,  McKensiiea  Pond . 
Silver  Lake  .^.. ,. 

,3 

Franklin  County : 

Kushaqua,  Lako  Kuahaqua. 

Putnam  C^untyj 

Kirk  r^ke 

\.4 

Bai^nac  T^k(\  luki^ . .  ^  ^  ^ 

Lako  tfilead 

1.4 

f^araiiac  River . . 

Greene  County: 

Aebland,  BatavlaKill 

V^^Y     Durham,     Catf^kill 
Creek. ,, 

Middle  Branch,  reservoir, . 
Rensselaer  County: 

Tri>y,  I^ke  Ida. ...,,..... 
Rockland  County; 

Hmburii -.- 

L4 
.4 

Pmttavillej  Seoharie  Creek. 

L4 

Jefferaon  County; 

SuEfem,  Mahwah  River ... 

1.4 

Watertown^  water  supply  . 

.3 

Rajtmpo  River. 

L4 

l^wis  Ck>unty: 

Sullivan  County: 

Boytis    Corner    ref^ervoir, 

Haflbrouck,     Neversink 

Cold  Bprinjf  Brook . . 

1.0 

River  

.« 

Do  ,   .....^ .,.,, 

L2 

Liberty,  spring  No*  l,,,^,. 

.6 

80      OHLOBINE  IN  NEW  TOBK  AND  NKW  ENGLAND  WATSB8L    (» 


ChUmne  deiermmaUam  in  New  KoHb--Contiiiiied. 
[Fluti  pM  minion.] 


Chlorine. 


CUM 


Sullivan  Goanty — Ck>iitiniied. 

Liberty,  spring  No.  2 

No.  3.... 
Ulster  CkHinty: 

Grsnd  Hotel,  station 

KingBton,  EMpos  Creek. 

Oakes^Catskill  Creek... 


Randall  Bridge,  Rondont 
Creek 


Rifton,  Black  Creek 

Shokan,  Esopos  Creek 

Warren  County: 

Glens     Falls,    Hudson 
River 

Sodoni,  reservoir 

Westchester  County: 

Croton  Lake < 


Glen  Pkurk,  pumping  sta- 
tion   


Katonah,  Cross  River 

Kensioo,  reservoir 

Muscoot,  reservoir , 

Rye  Pond 

Tarrytown,  spring 

Yonkers,    Grassy    Sprain 


Richmond  County,  Staten  Is- 
land: 


Clifton,  water  supply 

Richmond,  Turnpike  sta- 
tion. Crystal  Water- 
Supply  Company  . . . 

Stapleton,  water  supply . . . 

Tottenville,  water  supply. . 
Nassau  County,  Long  Island: 

East  Meadow  Stream 

Hempstead,  well 

stream  at  source 

Massapequa,  stream 

Roslyn,  well 

Suffolk  County,  Long  Island: 

Amagansett,  well 

Aqueboque,  well .,,«,,«, 


0.7 
.6 

.4 
.8 
.4 

.8 
.6 
.5 


.4 
1.4 

L6 

8.2 

L8 
2.2 

1.5 
2.6 
2.9 

2.8 

6.0 

6.2 
H.O 
6.0 

4.6 
3.0 

;i8 

4.0 
4.6 

16.5 
16.4 


Suffolk  County,  Long  Island- 
Continued. 


Babylon,  pond. 


Sumpawampus  Creek 

waterworks 

well 


Brookhaven,    Connetquot 
River 


Bridghampton,    well   1 
miles  southeast 
station 

Centra]  Islip,  well .... 

Deer  Park,  well 


East  Moriches,   Mastic 
River , 


Great  River,  Connetquot 
River 


Green  Lawn,  stream 

Greenport,  well 

Huntington,  stream 

tow^n  supply 

Kings  Park,  stream 

Islip,  Bay  shore  supply... 

Beaver  Brook 

Doxies  Stream 

Orowoc  Creek 

Stellenwerf  Stream  .. 

well 

Long  Pond 

Melville,  well 

Mellville  Station,  well 

Manor,  stream 

well 

well 

Moriches,  well 

Meilfonl  Station,  well 

Mattitnck,  pond 

Montaiik,  well 

Northport,  pond 

town  supply , 


latwjf*,]         ^^^^^^F             NEW 
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YORK.               ^^^^^^^H 

Nfuf  York — Continued. 

r  miltifni  J 

'       SI 

Bcmioe. 

Chlorine. 

Sonroe, 

Ctil(3rln& 

affolk  County,  Long  Island — 
c3on  tin  lied. 

Patchograe,  pond _  _ . 

4.6 
4.0 
4>4 

4.4 
6.1 
4.4 
4.4 

RiiGfolk  Coanty,  Long  Island — 

ContinuetL 

fiai^  f  larb*3r,  well  * - . . 

17.  Z 
6.8 
6.0 

4.6 

10. 0 

river_.__ , _ 

Swan  Creek ._ 

Say  vi  lie,  Ed  w*arde  Creek  _  _ , 

Ftitcbogue  supply 

Hmithlown,  stream . ,  _ . 

Belden,    Bum  pa  wampus 
Crf«*k-. -. 

well 

WflAlin^  River,  spring 

Tattle  Creek 

water  bu  ppl  y           .  *  -  * 

welt 

Port  Jeffer^n^  town  supply 
Bonkonkoirui,  lake 

o 
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LETTER  OF  TRANSMITTAL. 


Dbpartment  of  the  Interior, 
I  United  States  Geological  Survey, 

I  Washington^  D.  C.^  January  28^  1906. 

Sir:  I  transmit  herewith,  for  publication  as  a  water-supply  and 
irrigation  paper,  a  manuscript  entitled  "  Contributions  to  the  Hy- 
drology of  Eastern  United  States,  1905,"  which  forms  the  third  of 
a  series  of  progress  reports  relating  to  the  hydrology  of  the  eastern 
:  portion  of  the  country,  submitted  by  M.  L.  Fuller,  as  geologist  in 
charge  of  the  eastern  section  of  the  division  of  hydrology.  The  re- 
port embraces  20  contributions  by  14  geologists,  and  presents  the 
results  of  a  considerable  number  of  subordinate  lines  of  investigation, 
the  'descriptions  of  which  are  not  of  sufficient  length  to  warrant 
separate  publication. 

The  report  covers  a  wide  range  of  subjects  and,  in  general,  the 
papers  form  concise  summaries  of  the  subjects  covered,  rather  than 
elaborate  treatises.  They  may  be  grouped  under  five  heads,  and 
include:  (1)  Papers  dealing  with  special  artesian  problems,  (2) 
reports  describing  the  water  resources  of  nioro  or  less  extensive  areas, 
(3)  description  of  sj>ecial  localities,  (4)  papers  on  the  water  supplies 
of  special  tyixjs  of  deposits,  and  (5)  descriptions  of  important 
springs. 

It  is  believed  that  a  composite  report  of  this  type  not  only  reaches 
a  much  larger  numl)er  of  readers  than  any  other  form  of  publication, 
but  puts  on  record  a  considerable  amount  of  interesting  data  which, 
because  of  its  brief  nature,  could  not  otherwise  be  made  available. 
Very  respectfully, 

F.  H.  Xeweli. 
Chief  Erujineer. 
Hon.  Chari.es  D.  Walcott, 

Director  V  nited  tStatcs  GvoliXjical  Survey, 
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Mtbon  L.  Fulleb, 
OeologM  in  Charge. 


HYDROLOGIC  WORK  IN  EASTERN  UNITED  STATES  AND  PUBLI- 
CATIONS ON  GROUND  WATERS. 


By  Mykon  L.  Fuller. 


WORK  OF  DIVISION  OF  HYDROIiOGY. 

The  work  of  the  division  of  hydrology  deals  with  underground 
waters,  or  those  found  l)eneath  the  surface  of  the  earth,  in  the  same 
manner  that  the  work  of  the  division  of  hydrography  deals  with  sur- 
face waters,  the  aim  being  to  obtain  and  publish  for  the  benefit  of 
the  people  information  relating  to  the  occurrence,  movements,  meth- 
ods of  obtaining,  and  uses  of  artesian  and  other  underground  waters, 
including  those  reaching  the  surface  both  as  wells  and  as  springs 

Organization. — In  the  earlier  years  of  the  Survey  no  special  pro- 
vision was  made  for  the  study  of  imderground  waters,  although  a 
considerable  amount  of  information  was  gathered  in  connection  with 
the  investigation  of  other  problems  and  a  number  of  reports  were 
published.  Beginning  with  1804  ])rovision  was  made  by  Congress 
for  the  investigation  of  underground  currents  and  deep  wells,  and 
from  1894  to  1002  a  considerable  number  of  special  reports  on  under- 
ground waters  were  j)repared  under  this  authority.  In  the  latter 
year,  in  order  to  satisfactorily  meet  the  new  demands  resulting  from 
the  great  increase  in  the  use  of  underground  waters  in  recent  years 
and  to  develop,  specialize,  and  system ize  the  work,  the  investigations 
relating  to  underground  waters  wen*  s<»<rregated  from  the  division  of 
hydrography  and  placed  in  charge  of  a  distinct  organization  known 
as  the  division  of  hydro-geology  or  hydrology.     This  division   is 
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divided  into  two  so(*tioiis,  eastorii  uiid  wostern,  the  first  embracing 
the  States  east  of  the  Mississippi  and  those*  bordering  that  river  on 
the  west,  and  the  st^eond  including  the  nmiaining,  or  the  so-ealled 
•' reelaniation  "  States  and  Territories  and  Texas.  The  two  sections 
have  btH'ii  phiee<l  in  (•liar«re  of  gi'ologists,  Mr.  X.  H.  Darton  acting 
as  chief  of  the  western  section  and  the  writer  as  chief  of  the  eastern. 

Tlie  work  of  the  division  inchides  the  gathering,  filings  and  pubH- 
cation  of  st^itistical  information  ivhiting  to  the  occurrenw  of  water  in 
artesian  and  otlier  dei^p  wells;  the  gathering  and  pnblication  of  data 
])ertaining  to  springs;  the  investigation  of  the  geologic  occurrence, 
from  both  stratigraphic  and  structural  standpoints,  of  undergi'ound 
waters  and  springs;  a  study  of  the  laws  governing  the  occurrence  and 
ilow  of  subterranean  waters  and  springs,  including  the  investigation 
of  variations  due  to  tidal,  temperatuiv,  and  barometric  fliictuation^i; 
direct  measuivmenls  of  rate  of  underflow ;  detaih'd  surveys  of  regions; 
in  which  watt»r  problems  are  of  great  importaniv  and  urgency;  and 
the  publication  of  reports  on  ii'rigation,  city  water  supplies,  and  other 
im])ortant  us(»s  of  underground  waters. 

livreiit  trorl'. — In  connection  with  hydrologic  investigations  there 
has  gi'own  u])  a  large  correspondencv,  the  handling  of  which  makes 
considerable  demands  on  the  time  of  the  memlx^rs  of  the  section. 
Among  the  notable  ivquests  received  were  thost*  from  the  colonial  sec- 
retary of  Hermu<la,  for  information  as  to  the  methotls  of  obtaining 
water  supply  for  that  island;  from  the  l\M-uvian  (lovernment,  for  the 
recouniiendatiou  of  a  hydrologist  to  organize  and  take  chargi»  of  a 
i^urcan  of  hydrology  in  that  (M)uiiti*y  similar  to  the  hydrographic 
branch  of  the  Survey:  and  from  the  secretary  of  the  Eleventh  Inter- 
national Congi-ess  of  Hygiene  and  I)em(>gra|)hy,  held  in  Herlin  in 
llKKi,  for  information  in  regard  In  the  pollution  of  limestone  waters. 

'J'he  infoiiiiation  re<|ue>ted  in  each  caM'  was  furnished,  and  a  mem- 
ber of  the  Survey.  Mr.  (icorge  I.  Adams,  was  reeonnnended  to  the 
PeiMivian  (lovernuient  for  the  service  retjuii'ed.  Mr.  Adams  enteivd 
on  his  duties  in  May.  Kstimales  foi*  horing  a  deej)  artesian  well  at 
the  American  legation  in  Tekiiig.  China,  were  also  obtained  and  sub- 
mittiMl  at  the  i-e(|U(*st  of  the  Secretary  of  State. 

In  addition  to  answering  requests  from  corporations  and  private 
j)artie^  in  this  country,  the  (»astei'n  section  furnished  information  to 
the  War  I)e|)artment  in  regai'd  to  wal«"i-  conditi()ii>  at  forts  in  South 
Carolina,  Michigan.  an<l  New  irampshire,  ami  elsewhere.  In  New 
IIami)>hire  a  sj)ecial  field  investigation  wa^  made,  with  j)roniising 
re>ult>.  Re<|uests  for  the  investigation  of  the  water  supply  of  a 
number  of  cities  and  towns  atllicted  with  typhoid  e|)idemics  were 
received  and  comi)lied  with  as  far  as  possible. 

Dui'ing  VM)\  manuscripts,  including  a  bii)liographic  review  and 
index  of  all   publications  of  the   I'nited  States  (leological   Survey 
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iting  to  underground  waters,  a  bibliography  of  underground 
Evftters  of  the  United  States  for  1904,  and  tables  relating  to  the  compu- 
rtetion  of  head,  flow,  etc.,  of  artesian  wells  were  begun  by  Mr.  Fuller. 
Dr.  Cleveland  Abbe,  jr.,  in  addition  to  a  large  amount  of  editorial 
'  work  on  manuscripts,  prepared  a  bibliographic  review  of  the  under- 
ground-water literature  of  New  York  State. 


Hoal  rep<>rt'>^ 


Fig.  1. — Index  innp  Hhowlny;  oxfonf  cjf  liyd miotic  work  In  onBtern  T'nited  States. 
Merely  1«kmI   iiivesti^atious  urv.  oinittiHl. 


One  of  the  most  promising  linos  of  work  undertaken  in  the  office 
is  a  system  for  collect  in «>:  aiid  preserving  well  records  and  samplers 
from  deep  wells  throughout  the  country.  The  ])lans  for  this  work 
were  drawn  up  by  Mi*.  A.  (\  Veatch,  who,  with  the  assistance  of 
Mr.   E.   F".  Lines,   inaugurated   the  work  in  July.    Arrangements 
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have  hfin  made  for  procuring  the  efectlve  aid  of  drilh^t^  imd\ 
anticipated  that  a  large  amount  of  economic  and  t^rutigraphii^  i 
much  of  which  would  otherwise  aooii  bt«  lo^t,  will  rUn^  Ik*  pr 
It  is  proposed  to  publish  the  accumtilntcd  datM  promptly  eiich 
making  it  quickly  available  to  driller^i  niid  others  iiiH^n^'stod  in 
ground  waters. 

During  190i  a  paper  giving  a  sununary  of  lefrul  dcc^siorm 
various  phases  of  underground  watt'i'i^  wa.**  prepanMl  by  Mr, 
Johnson,  setting  forth  the  general   }HiiKiplc,s  on   which    U^gm^ 
cisions  relating  to  water  rights  are  lmH4Hl,  aiul  giving  n  i^^iiPt! 
of  the  rights  and  obligations  of  well  uvvnet-^. 

WORK  BY  H^IA TEH, 

Maine. — ^The  work  in  this  State  in  UKH  i-niii^isteil  tnninly  of 
tigations  relating  to  wat^r-supply   ccmditioiiH  along  the   s;hof 
Penobscot  Bay  and  near  Augusta,  a  nil  way  toiithicit>ij  hy  Mr,  O- 
Smith  in  connection  with  surveys  iur  (he  ^i^olo^ic  l>riinch.     A  *4w 
report  on  the  conditions  at  August n  was  pi-i^parpd.     Pmf.   W, 
Bay  ley  also  continued  the  collection    of   duta   hy   correj^ptjnd 
throughout  the  State. 

New  Hampshire. — ^The  work  in  this*  Stnto  wan  eontiim(*ct  unci  _ 
direction  of  Mr.  J-  M.  Boutwell,  at^f^istant  gt*oh*gij4t.  In  Mar 
Mr.  Boutwell  investigated  the  undiT^ruiuKl-wutor  coiulitionfi  in  t 
vicinity  of  the  Govemment  forts  at  (lie  nioiilh  of  Portsmonth  Wn 
Ih)i\  the  work  Ix^ing  done  in  respon?^^  to  a  rwinent  rtH*eiv<Ht  frniu  t 
Quarterniaster-(ieneral.  Owin^  to  the  pressure  of  hin  ivgular  mi 
inp  work,  Mr.  Boutwell  was  unahh^  lo  t^ontiniu^  tht*  work  in  N< 
Hampshire,  and  the  services  of  Mr.  G.  O.  Smith,  geologist,  we 
ohtained  to  complete  the  invest ipit ions  at  Portsmouth.  Both  11 
T^outwell  and  Mr.  Smith  give  favorable  reports  as  to  the  possibili 
of  obtaining  underground  supplies. 

Masmrhnsetts  and  lihode  hlaixL—TW  tield  work  in  these  Stat 
consisted  of  investigations  of  the  Pleistocene  geology  by  Mr.  M. 
Fuller.  Cape  Cod,  Nantucket,  Marthas  A'in(»yarcl,  and  the  Elizabe 
Islands,  Massachusetts,  and  IMock  Island,  Rhode  Island,  wc 
visited  and  a  basis  for  the  assigmnent  of  the  ghnnal  deposits 
definite  Pleistocene  stagt^s  was  established.  The  expense  of  this  wo 
was  shared  with  the  geologic  branch. 

A  pai>er  on  the  water  supply  of  the  delta  type  of  sand  plaii 
based  on  extensive  observations  and  hundreds  of  borings  at  Clintx 
Mass.,  was  prepared  by  Prof.  W.  O.  Crosby. 

New  York. — Mr.  M.  L.  Fuller  spent  the  month  of  June  on  Loi 
Gardiners,  Plum,  and  Fishers  islands,  travei-sing  the  shore  lii 
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Kd  investigating  the  Pleistocene  stratigraphy.  The  result  was  to 
iibstantiate  the  subdivisions  made  in  1903  and  to  establish  a  basis 
id  correlation  between  the  New  York  and  New  England  islands. 
It  is  now  possible  to  recognize  a  series  of  deposits  and  erosion  inter- 
vals agreeing  with  those  of  the  Mississippi-Ohio  Valley.  Mr.  Fuller 
was  assisted  by  Mr.  B.  L.  Johnson  in  his  work  on  Long"  Island. 
Mr.  A.  CVeatch  spent  a  few  days  in  May  in  search  of  FItaistocene 
finsils,  which  were  found  at  two  new  localities. 

Work  on  the  springs  was  continued  by  Mr.  F.  B.  Weeks,  geologist, 
who  completed  the  field  work  and  is  now  preparing  a  report  for 
publication.  Mr.  E.  M.  Kindle  prepared  a  short  report  on  the  water 
resources  of  the  Catatonk  area.  A  report  on  the  springs  of  the 
morainal-outwash  deposits  near  TuUy,  N.  Y.,  which  represent  a 
definite  class  of  drift  waters,  was  prepared  by  Mr.  G.  B.  HoUister. 

New  Jersey. — Mr.  G.  N.  Knapp,  of  the  State  Greological  Survey, 
has  been  engaged  during  the  year  on  office  work  connected  with  the 
preparation  of  a  detailed  report  on  the  artesian  waters. 

Maryland. — ^Arrangements  were  made  during  the.  year  with  Prof. 
W.  B.  Clark,  State  geologist,  for  cooperation  in  the  collection  of  well 
records  and  samples.  The  collecting  is  done  from  the  Maryland 
office  and  duplicates  of  the  records  and  samples  furnished  the  United 
States  Greological  Survey.  Brief  reports  on  the  Pawpaw  and  Han- 
cock quadrangles  were  prepared  by  Mr.  George  W.  Stose,  geologist. 

Virginn. — A  plan  of  cooperation  was  arranged  in  November  with 
Dr.  T.  L.  Watson,  State  geologist,  whereby  the  collection  of  well 
records  and  data  relating  to  water  resources  and  springs  was  begim. 
ReiK)rts  by  Messrs.  M.  L.  Fuller  and  T.  L.  Watson  will  be  prepared 
at  an  early  date. 

Went  Virr/lnio, — Reports  of  the  Paw])aw  and  Hancock  quadrangles 
mentioned  under  Maryland,  and  on  which  re])()rts  were  prepared  by 
Mr.  George  W.  Stos(»,  jire  inchided  in  this  State.  Mr.  I.  C  AAHiite, 
State  geologist,  has  ('(H)i)erated  in  the  collection  of  well  records  and 
sampler. 

Georgia. — Mr.  S.  W.  M(<'aHio,  assistant  State  geologist,  has  con- 
tinued to  work  in  cooperation  with  the  United  States  (leological  Sur- 
vey in  the  investigation  of  artesian  waters  of  the  Coastal  Plain. 
The  large  nnnilx'r  of  fossils  collected  by  Mi*.  McCallie  have  been 
identified  bv  Dr.  \V.  11.  Dall  and  Mr.  T.  W.  Vaughan,  resulting  in  an 
increa.sed  knowledge  of  Coastal  Plain  stratigraphy.  Mr.  McCallie's 
report  on  the  artesian  waters  is  nearly  completed.  The  division  of 
hydro-economics  has  largely  assisted  in  the  investigation  of  the  com- 
position of  waters. 

Alahama. — Dr.  E.  A.  Smith,  State  geologist,  continued  cooperation 
with  the  United  States  (ieological  Survey,  completing  the  field  work 
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on  artesian  waters.  His  report  was  wvW  umW  way  at  the  eml  of  ihe 
JBBT.  Doctor  Smith  has  also-coopernhHl  in  ITic  ei>Ik*rliott  uf  wd} 
records  and  samples. 

MisHanppL — ^In  conjunction  with  tlu*  pH^U^jL^ir  hmnt-li  tlif?  eastcni 
section  of  hydrology  has  continued  th&  work  on  geo[og>*  and  iiruler^ 
gromid  waters.  The  field  work,  whirli  Ims  bm  iu  char^^  of  Mr. 
E.  C.  Eckely  assisted  by  Mr.  A.  F.  Cridor.  will  \w  eompletml  nlmn 
the  end  of  the  year,  and  a  report  will  Ix^  pn^fiiirtnl  ni  an  early  date, 
in  which  Mr.  L.  C.  Johnson,  who  in  pant  ymrs  hns  tx)I]i3etiMl  nmeh 
data,  is  expected  to  participate. 

Tennewee  and  Kentucky. — ^Mr.  L.  C.  Gkniti  lias  continued  work  on 
a  report  on  the  artesian  waters  of  the  [x^rtioii  of  th<^  Mis-si^sif^pi 
embayment  area  included  in  these  Stali^s,  tho  (told  wark  on  wh'uh  ^%^ 
completed  in  1W)3.  In  Kentucky  Pmf.  V.  J.  Norwo^x!,  din^ctor  of 
the  State  Survey,  has  cooperatal  in  the  collect  ion  of  \vq\\  rv<'o\ 
and  samples. 

Arkansas-LouMana. — ^Mr.  A.  C.  Vealch  hai^  been  engage**!  dnrinj 
the  latter  part  of  the  year  in  the  prejiunition  of  »  n^pori  on  tin*  art**-] 
s^ian  waters  of  southern  Arkansas,  northorn  I^iiiiHiiiiiH.  luid  adjacfn 
portions  of  Texas  and  Indian  Territory,     In  ihe  northea?<ioni  pt« 
tion  of  the  State  investigations  have  Uh^u  vmkdnvXvil  by  Prof.  E*  % 
Shepard  and  Mr.  M.  L.  Fuller  on  thc^  arteman  c-onditions  of  the  NVvf 
Madrid  earthquake  area.    An  account  «>f  tlie  ^Yiltor  i*i\suiirees  of  the 
Winslow  quadrangle  was  prepared  by  Prof.  A.  H,  Purdue, 

Mmsouvi. — In  Missouri  work  was  cotitinuLMl  in  diarge  of  Prof-  E<  51 
Shepard,  who  spent  a  portion  of  the  ^irninior  in  tla-  study  of  the  arte- 
sian  waters  of  the  State  and  in  the  investigation  of  the  possible  rt*Iii- 
lion  of  arte^sian  watei's  to  certain  phenoinenii  of  Ihe  New  Madrid 
earthquake  area  noted  under  Arkansas.  In  tliihi  \vf>rk  lie  wai>  accoiU' 
panied  part  of  the  time  by  Mr.  M.  1j,  Fuller.  A  I'eport  on  the  WRt< 
resources  of  the  Joplin  quadrangle  was  prepared  by  Mn  W.  S-  T. 
Smith,  while  notes  on  a  numlxM*  of  lar^^  springs  were  submitted  li 
Messrs.  E,  Johnscm,  H.  F.  Bain,  and  E*  M.  Shepard* 

/owa. — The  work  in  Iowa  was  continued  in  chiirge  of  Prof  W.  II. 
Norton,  who,  during  the  year,  was  consulted  regarding  arte,sian  watt* 
by  officials  at  Keokuk,  Mount  Pleasant,  Waterloo,  Fort  Ik>dgo,  am 
Belle  Plaine.     A  report  on  the  artesinn  conditions  iit  Waterloo  wa^ 
prepared.     Professor  Norton  also  assisted  in  the  collection  of  well 
records  and  samples  in  Iowa. 

Minnesota, — Prof.  C.  W.  Hall  continued  work  on  his  report  on  the 
artesian  w^aters  of  the  State  and  assisted. in  the  collection  of  well  rec- 
ords and  samples. 

Wisconsin. — A  report  on  the  artesian  waters  of  Wisconsin,  the  field 
work  for  which  was  finished  in  1903,  w-as  completed  and  submitted 
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by  Mr.  A.  B.  Shultz  early  in  the  year.  A  short  report  on  the  water 
reBouroes  of  the  Mineral  Point  quadrangle  was  prepared  by  Prof. 
U.  S.  Grant     • 

Michigan. — ^The  work  in  Michigan  consisted  of  a  detailed  investi- 
gation of  the  water  supply  of  the  drift  in  charge  of  Mr.  Frank  Lev- 
fsxetty  assisted  by  Messrs.  C.  A.  Davis,  W.  M.  Gregory,  Isaiah  Bow- 
man, and  Jon  Andreas  Udden.  Mr.  M.  L.  Fuller,  chief  of  section, 
made  a  special  investigation  of  the  failure  of  wells  in  the  Carleton 
district,  southwest  ot  Detroit,  visited  about  twenty  flowing- well  areas 
in  the  western  portion  of  the  State,  and  spent  some  time  in  the  field 
with  the  various  parties.  Beports  on  the  Carleton  and  western  Michi- 
gan artesian  districts  were  prepared  before  the  close  of  the  year. 
I>r.  A.  C.  Lane,  State  geologist,  cooperated  in  the  saving  of  samples 
and  Mr.  K.  E.  Ilorton  prepared  a  report  of  the  drainage  o^  wells  into 
swamps. 

SUMMARY  OF  REPORT. 

In  the  following  paragraphs  the  aim  has  been  to  present  a  concise 
summary  of  the  various  short  papers  embodied  in  the  present  report 
and  to  call  attention  to  those  features  deemed  of  special  interest  or 
importance* 

Drainage  of  Poods  Into  DrlHed  Wells,  by  Robert  E.  Horton. 

In  the  deeply  drift-covered  regions  of  Michigan  and  adjoining 
States  the  surface  is  characterized  by  numerous  ponds  held  in  the 
basin-like  depressions  known  as  "  kettles."  These  are  often  shallow, 
and  if  drained  would  leave  in  some  cases  many  areas  of  rich  farming 
lands.  Their  situation  in  depressions  is  such  that  they  can  seldom 
be  drained  by  ditches,  but  attempts  to  draw  off  the  water  by  wells 
have  been  more  successful.  The  average  cost  of  a  H-inch  well,  includ- 
ing casing,  should  not  exceed  $1  a  foot,  and  in  most  cases  a  depth  of 
100  feet  will  b(»  sufficient.  The  wells  are  sunk  with  the  mouths  below 
water  level  and  on  completion  are  provided  with  a  bell  mouth  and 
surrounded  by  screens.  The  effectiveness  of  the  wells  depend  upon 
the  height  to  which  the  underground  water  will  rise  being  less  than 
that  of  the  pond.  lender  such  conditions  the  water  enters  the  well 
mouth  and  passes  down  the  pipe  and  out  into  the  porous  sand,  gravel, 
sandstone,  etc.,  at  the  bottom,  or  into  fissures  where  the  well  ends  in 
compact  rock.  The  construction  of  the  wells,  their  capacity  for 
drainage,  etc.,  are  described  in  detail  in  the  paper.  A  considerable 
number  of  wells  which  have  been  successful  in  the  reclamation  of 
lands  formerly  covered  by  ponds  are  cited. 

Two  Unusual  Types  of  Artesian  Flow,  by  Myron  L.  FuUer. 
The  first  of  the  two  luiusual  types  of  flow  described  is  from  practi- 
cally uniform  sand,  the  impervious  confining  cover  usually  assumed  to 
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be  essential  to  flows  being  absent.  It  appears,  from  observations  on 
Long  Island,  New  York,  and  in  Michigan,  that  while  any  layer 
slightly  finer  than  the  water  bed  may,  even  though  permeable,  serve 
as  a  confining  bed,  such  a  layer  is  not  necessary,  an  overlapping 
arrangement  of  slightly  elongated  grains  in  a  uniform  sand  being 
apparently  sufficient  to  produce  the  resistance  to  upward  movement 
essential  to  artesian  flows.  The  second  unusual  type  of  flow  described 
is  from  the  jointed  upper  portion  of  limestone  and  other  rocks  in 
southeastern  Michigan.  Although  the  waters  are  rock  waters  in 
composition,  their  origin  and  head  are  shown  to  depend  on  drift 
deposits,  which  likewise  serve  as  the  confining  stratum.  In  fact,  in 
all  essentials  they  are  drift  waters,  the  rock  simply  serving  as  a  car- 
rier in  place  of  the  layer  of  stratified  sand  or  gravel  commonly  pres- 
ent. The  mineral  matter  is  dissolved  from  the  rock  during  the 
passage  of  the  water  through  it. 

Construction  of  the  so-oaUed  Fountain  and  Geyser  Springs,  l>y  Myron  L. 
Fuller. 

The  term  "  fountain  spring  "  is  used  to  designate  a  spring  whose 
water  is  made  to  rise  to  a  point  above  the  surface  of  the  ground  at 
the  spring,  while  by  a  "  geyser  spring '"  is  meant  one  so  piped  that  a 
jet  is  intermittently  thrown  to  a  greater  or  less  height.  The  classes  of 
natural  springs,  the  conditions  under  which  they  may  be  converted 
into  one  or  the  other  of  the  artificial  types  mentioned,  and  the  simple 
methods  of  construction  employed  are*  described  and  illustrated. 

A  Convenient  Onffc  for  Determining  Ix)\v  Artesian  Heads.  l>y  Myron  L.  FuUer. 

In  this  paper  the  difficulties  in  determining  flows  with  the  ordi- 
nary rinn^)ersonie  gages,  requiring  considerable  material,  much  time, 
and  some  skill,  are  pointed  out,  and  attention  is  called  to  the  necessity 
of  11  more  conveni(Mit  form  for  rapid  work.  The  requirements  were 
iinally  filled  by  a  2-inch  nickel-plated  gage,  which  can  readily  be 
(•arri(Ml  in  the  vest  pocket  and  which  can  he  used  for  all  pressures  up 
to  .")()  j)onn(ls.  By  means  of  a  rubber  tulx^  opening  out  into  a  flange, 
which  is  held  firmly  against  the  discharge  pipe  of  the  well,  the 
pressure  can  be  histantly  obtained. 

Wntor  I{<'S()urcos  of  tlie  (Catatonic  area,  New  York.  I)y  K.  M.  Kindle. 

The  Catatonk  area  lies  in  the  hilly  region  northwest  of  Bing- 
haiuton,  between  that  city  and  the  Finger  Lakes  region.  The  rocks 
are  Devonian  in  age  and  are  nearly  fiat,  though  showing  very  low 
swells,  extending  in  an  east-west  direction.  The  whole  region  is 
more  or  less  covered  with  glacial  drift.  As  a  whole  the  rocks  are 
compact  and  carry  little  water,  although  they  afford  numerous  small 
sj^rings.     Flows,  however,  are  yielded  by  the  sands  and  gravels  at 
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aca,  near  Slaterville  Springs,  west  of  Brookton,  at  Newaric  Valley, 
[  just  north  of  Tioga  Center.  Some  of  the  water  is  hig^  in 
leral  matter  and  possesses  medicinal  properties,  which  at  Slater- 
e  Springs  have  led  to  the  development  of  a  resort.  Of  the  mineral 
ings  may  be  mentioned  the  Dryden,  Speedsville,  Nantiooke,  Spen- 
,  Halsey,  Valley,  Glen  Cairn,  and  springs  south  of  Owego.  The 
bers  are  commonly  of  the  sulphur  type,  in  which  instances  they 
>bably  come  from  the  rock,  and  are  sometimes  of  medicinal  value, 
several  of  the  springs  sulphur  is  deposited  by  the  water.  A  num- 
of  summer  hotels  have  been  built.  The  streams  are  ordinarily 
rly  pure,  one  having  long  afforded  the  water  supply  for  Ithaca, 
lie  Fall  Creek  supplies  power  for  three  or  four  mills  and  factories 
[thaca  and  the  hydraulic  laboratory,  etc.,  of  Cornell  University. 

¥ater  Resources  of  the  Pawpaw  and  Hancock  Quadrangles.  West  Virginia, 
ryland,  and  Pennsylvania,  by  Goorge  W.  Stose  and  George  C.  Martin. 

rhe  area  treated  in  this  pa[>er  lies  at  the  northernmost  bend  of  the 
tomac  and  is  a  moderately  hilly  region,  with  occasional  high  north- 
•t-southwest  ridges,  rising  to  2,260  feet  in  Cacapon  Mountain.  The 
:ks  consist  of  quartzite,  sandstone,  shale,  and  limestone,  from 
dovician  to  Carboniferous  in  age.  A  number  of  streams  besides 
)  Potomac  have  considerable  volume  and  fall  and  afford  present 
prospective  water  powers.  Springs  are  numerous,  among  the 
ist  important  of  which  are  those  at  Berkeley  Springs,  W.  Va., 
>  site  of  a  fashionable  resort.  The  water  issues  from  steeply 
lined  sandstone  at  a  iuiinl>er  of  points,  has  a  temperature  of  73°  F., 
i  yields  alwut  1,500  gallons  per  minute.  The  water  carries  the 
all  amount  of  18  grains  of  mineral  matter  per  gallon,  mainly 
•bonate  of  lime. 

iVater  Resourws  of  the  Nicholas  QuadraiiKlc,  West  Virginia,  by  George  II. 
iley. 

rhe  area  treated  incliules  about  1,000  square  miles  in  central  West 
rginia,  a  little  east  of  New  and  Kanawha  rivers.  The  region  is 
remely  hilly,  the  crests  often  staiulin^  500  to  1,000  feet  alx)ve  the 
jacent  streams  and  reacliin^  a  maximum  height  of  nearly  4,400  feet, 
e  tributaries  from  the  north  enterin;^  Gauley  River  (which  crossi'^: 
\  ai'ea  from  east  to  west  neai*  i\w  center)  occupy  broad,  flat  valleys 
►arated  from  each  other  hy  irre<rnlar  divides.  There  is  some  farm- 
l  along  the  bottoms  of  these  tributaries,  but  over  the  remainder  of 
J  area  the  valleys  are  sluup  and  steep  and  unsuited  for  cultivation, 
e  rocks  are  nuiiidy  sandstonc^s  and  sandy  shales  of  the  Pottsville 
nip,  and  include  some  valuable  coals  and  clays.  The  dip  averages 
nn  100  to  )>()()  feet  j)er  mile  to  the  northwest.  The  donie^stic  water 
>ply  of  th(»  uplands  is  usually  obtained  from  shallow  wells,  which 
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ofivu  ^o  ilrv  in  tiino  of  drou^lit,  iu»a*ssilatiiig  riH'ourse  to  the  springs 
i^^snin«r  alon^  tlu'  coals,  <»t«'.,  at  points  lower  down  in  the  vallevs. 
WVIls  in  tin*  valley  lM>ttonis  p'nerally  obtain  l)ettor  supplies,  the 
town  supplies  of  SinnnuM-svillo  and  Kit'hwood  InMng:  ft'oin  such  wells. 
The  water  lhroii«rliout  the  an»a  is  of  the  soft  "  freestone  '*  type.  The 
p»olon;ic  stnietnn*  would  si»eni  to  alFord  ninisually  favorable  conditions 
ft)!-  artesian  watei*s.  The  region  is  fon»sted,  ^ivinfr  flows  to  the 
>tn»ains  thron«rh<»nt  tln'  year,  and,  owin^r  to  the  character  of  the  val- 
leys, iht*  opportunities  for  the  construction  of  dams  for  power  pur- 
poses an»  unusually  pMxI. 

Wnlcr  Ki*s<mn'os  of  tlit*  MlntTjiI  TDiiit  (Quadra ii;;Ie.  WIw-^Misln.  by  V.  S.  Grant 
'I'his  tiua(lran«i:le  is  sitiuited  inaiidy  in  southwestern  Wisconsin,  the 
Illiin»is  State  line  barely  fallin<r  within  its  limits.  Although  a  rich 
agricultural  country,  it  is  situaletl  in  the  heart  of  the  upj>er  Missis- 
sippi \'alley  leatl  and  zinc  re«ri<>n  and  produtvs  much  ore.  The  topog- 
raphy is  that  of  a  low  plateau,  above  which  ris<»  a  few  isolated  eleva- 
tit)ns  and  b(»low  which  are  th(»  wide  flat -bottomed  valleys  (xxrupied  by 
the  streams.  'I'he  rocks  consist  of  Paleozoic  limestone  shales  and 
sandstones.  'I'he  lead  and  zinc  d(»posits  occur  at  the  base  of  the  Tren- 
ton and  at  the  tt)|)  of  the  inulerlyin^  Platteville  limestone.  Springs 
ai'e  numen)us  in  the  area,  occurrin<r  mainly  at  the  lK)ttonis  of  the 
(laleiia  and  Plattcville  limest(»nes  and  the  St.  Peter  sandstone.  They 
are  often  us**d  for  tlomestic  and  dairy  purpos(»s.  The  streams  were 
lornu'i'ly  a  >nnrce  of  many  small  water  |)owers,  but  are  now  nirely 
ulili/.iMl.  \\'i']N  arc  ronmionly  of  tlie  drille<l  tyj)e  and  generally  vary 
from  a  ilcpili  of  In  t'cri  in  iIh*  vallcy>  to  KM)  feet  in  the  uplands.  The 
lar;L:v-i  Mi|i|ili«*~  :irr  from  ilir  Si.  Pctci*  santi^tone.  but  the  (ralena  fnr- 
ni>lic-  iiiiu-li  walri'  i)['  i^ood  (juaiily  for  domestic  pui*pos<»s.  Deep  wells 
:ir«'  sunk  lo  I  In*  Si.  Prirr,  when  it  i^  Inflow  \\w  surface,  and  to  the  Pots- 
Jam.  lV<nii  boili  of  uliich  abniidant  supplies  a i*e  «renerally  obtained  by 
piiiiipiii'^-.  alilioiii:li  lu'iihci"  rni'nislu'^  a  tl«>\\.  'i'lic  Potsdam  water  is 
HMM'r  liiL'"lily  miiici-aliz<*<I  than  thai  fiNun  llic  iii^rhci'  horizons. 

\\;iiri-   i:t'^Miinr>:  !»!"  Ill*'  .loplin   I>i«sirii-i.   Missouri  K:iris:is.  by  W.   S.  Taiipior 

Siiiifli. 

This'tli^li'lrl  lie-  at  llu'  intcr-cciioii  of  the  boundary  lines  of  Mis- 
souri. Imiiaii  Territory,  and  Kan>a^.  ami  include-  the  famous  Joplin 
h'ad  and  /inc  region.  Topoiri'aphically  ii  \'u'>  on  the  western  out- 
skirts <d'  I  he  ()zaik  reirion  and  eonsi>ts  of  level  plains  cut  by  valleys 
to  a  maxinnnn  depth  of  -JOO  f«M«i.  'Die  di'aina^^e  is  southward  into 
Ai'kan^as  Kiv<'r.  The  surface  i-ocks  are  iiiaiidy  limestones  of  the 
chei'ty  lead-  an<l  zinc-bearinir  formation  known  as  the  Hoone, but  some 
shale^^  and  sandstones  of  the  Cherokee  foi-malion  occiii*.  The  dip  is 
low  to  the  northwest.  The  rocks  are  characterized  by  open  folding, 
with  coiisiilci-jihie  faultin<r  in  the  vicinity  of  the  ore  deposits.     The 
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ims,  which  are  all  spring  fed,  afford  power  at  a  number  of  points, 
Spring  River  and  Center  and  Shoal  creeks  furnish  water  supplies 
mosfc  of  the  cities  in  the  district,  including  Joplin,  Webb  City, 
diage,  and  Galeaa.  Other  streams,  formerly  yielding  good  water, 
aow  poUoted  by  mine  waters.  Springs  are  common,  sometimes  of 
e  volume,  and  are  used  for  domestic  of  mine  supplies.  A  part  of 
waters  are  high  in  mineral  matteir,  sometimes  carrying  an  appre- 
ie  quantity  of  zinc,  and  give  rise  to  soft  white,  cream-colored^  or 
lish  deposits.  The  wells  in  the  region  are  usually  shallow,  but  in 
mining  district  there  are  several  thousands  of  deep  test  borings 
:  in  search  of  ore,  some  of  which  are  used  as  wells.  No  flows  have 
obtained,  although  supplies  ranging  up  to  12,500  gallons  per 
•  are  obtained  by  pumping  or  air  lift.  A  considerable  number  of 
yses  of  waters  from  streams,  springs,  and  wells,  some  of  which  are 
)nsiderable  detail,  are  given. 

ater  Resources  of  the  WInslow  Quadrangle,  Arkansas,  by  A.  H.  I*urdue. 
iiis  quadrangle  lies  mainly  in  western  Arkansas,  a  little  north 
.rkansas  River,  but  includes  a  few  square  miles  of  Indian  Terri- 
.  The  topography  is  that  of  a  plateau  deeply  cut  by  streams 
I  it  presents  a  mountainous  landscape,  forming  a  part  of  what  is 
vn  as  the  "  Boston  Mountains.''  The  rocks  consist  of  limestones, 
»s,  and  sandstones  of  Carlwniferous  age,  four  of  which — the 
le  chert  (largely  limestone),  Pitkin  limestone,  and  the  sandstones 
le  Hale  and  Winslow  formations — are  important  water-bearing 
lations,  yielding  abundant  water  to  wells  or  springs.  The  water 
»s  from  soft  in  the  cast*  of  the  Winslow  formation  to  medium 
le  Boone  chert  and  Hale  fonnatioir  and  hard  in  the  Pitkin  lime- 
?.  Some  of  the  springs  yield  water  highly  mineralized,  and  in 
or  two  cases  are  utilized  for  medicinal  purposes,  or  as  resorts. 
t?  of  the  water  could  be  used  to  advantage  for  power  or  irrigation 
•OSes. 

ter  Resources  of  tlio  ('ontar-t  Uoj^ion  !>ot\voeii  tho  Paleozoic  and  Mississippi 
lyment  I>eposlts  in  Nortliom  Arkansas,  by  A.  H.  Pnrdue. 

lis  paper  treats  of  the  geology  and  water  resources  of  a  belt 
i  12  to  15  miles  wide,  extending  along  the  western  edge  of  the 
issippi  embayment  deposits  from  Arkansas  River  northward  to 
►lissouri  line.  The  geology  of  both  the  Paleozoic  and  ein!)ayment 
■>,  including  a  description  of  the  beds  and  their  history,  are  con- 
•ed  in  some  detail,  and  a  geologic  map  showing  the  l)oun(lary 
greater  accuracy  than  any  previously  published  map  is  given, 
meaning  of  ground  water,  the  relative  amounts  of  run-off  and 
nd  water,  the  character  of  the  water  table,  and  the  esst^ntial 
icteristics  of  a  watiT-hearing  formation  are  discussed,  and  the 
r-bearing  beds,  including  the  Ordovician  limestone,  Boone  chert, 


20  HYDKOLOIJY    OF    EASTKKN    TNlTEl)   STATES,   1905.  [»•.  US. 

Hatosvillc  sanristoiu',  Pitkin  liincstone.  Coal  Measures,  and  the  soft 
cMuhayiiuMit  deposits  aiv  doscrilMMl.  Other  sulijects  considered  are  the 
source  of  water  from  rainfall  and  U^aka^n*  from  streams  and  Paleo- 
zoic rocks,  the  amount,  (Hmiposition,  and  uses  of  the  water,  the  proer 
l)ects  for  flowing  wells,  and  the  problems  of  tyi)e,  location,  depth, 
and  construction  of  wells  from  the  sanitary  standpoint.  The  prac- 
tical dis<'ussions  of  tlu*st»  (piestions  of  general  interest  should  prove  of 
sul)stantial  lH»neiit  to  the  n»sidents  of  the  Arkansas  lowlands. 

Water  H<»s<»iirit's  of  tlio  IN)rtsinoiitli-Y«>rk  UeKioii.  New  llainiwhire  and  Maine. 
!>.v  (riM)r>:e  Otis  Smith. 

"^riie  examination  of  tlie  water  resources  in  the  vicinitj*  of  Ports- 
mouth was  undertaken  at  tlie  retpiest  of  the  War  IVpartnient,  withi 
view  of  determining  the  availal)h»  supplies  for  the  several  forts  at 
the  moutli  of  the  harlH)r.     The  conditions  proved  to  l)e  typical  of 
thos<»  existing  in  distri<-ts  of  similar  rocks  at  points  alon^  the  Maine 
coast,  where  the  probh^m  of  ol)tainin<r  dcK*p-well  waters  for  the  u* 
of  summer  resitK»nts,  especially  thosi*  living  on  small  islands,  is  one 
of  givat  imi)ortant'e.     Th(»  city  sui)i)ly  of  Portsmouth  is  from  shallow 
wells  in  loose  surface  <Ieposits,  fn»m  which  the  farm  supplies  in  the 
region  are  also  generally  obtained.     Another  source,  utilised  at  the 
navy-yard,  is  the  ponds  on  the  sloj)e.of  Mount  Ajramenticus,  while  a 
third  sounv  is  the  de<»p-r(Mk  wells.     These*  rock  wells,  which  supply 
jt   number  of  hotels  and  summer  resi<len<*es,  have  in  numerous  in- 
stances been  succcs>ful  in  obtainin«r  ^oo<l  supj)lies,  the  waters  some- 
times even  flowinnr  at  I  he  surface.  <leuionst  rating  the  existencv  of  arte- 
sian sl()ra«rc  of  a   lypc  <iuite  ditlerent    from  (hat   usually  descTilxnl. 
The  ro<'k>  (•o!isi>i  mainly  of  s(;hists,  elates,  and  (piartzites,  which  are 
conip:u't,   npturuiMJ.   and    clianictcrized    l)y    numerous  joints.     Some 
dikes  of   iirueou-   rocks  occur,     'the   water  i>  contained    in   l>e(lding 
j)lanes,  joint   o|)euin«rs,  etc..  liirouirii    wliicli   it   circulates  slowly,  its 
ocapc  to  I  lie  surface  l>einir  prcveutiMJ  by  the  closin»r  of  the  joints  l)y 
ininiTal  dcposit>  near  tlic  top.     Tlic  water  is  lo  U'  repirded  as  coming 
from  di>tant   rather  than  adja<-ciit   areas.     In  many  cas<»s  abundant 
supplies  are  obtained  at  less  \\\i\u  1()()  feet,  while  W(»lls  of  IMH)  feet  are 
nearly  always  successful,  aitliou^li,  owiuir  to  the  lack  of  repilarity 
in  th(»  occurreui'c  of  joints,  an  occasional  failure  results.     The  schist 
ap]>ears  to  l)e  the  nlo^^l   promi^iuir  rock. 

.\  (Ji'DunU-WattT  rrolilriii  in  Suutln'.Mstoni  MicliiLMii.  by  Nryroii  L.  FnUor. 

The  s])rin^  and  summer  of  \\H)\  were  marked  liy  a  pronounced 
shorta«re  of  water  in  certain  aivas  in  soulbeastern  Michipm,  the  fail- 
ure of  the  wells  bein^  commonly  attributed  to  und(M'(lraina«i:e  of  a 
powei-ful  llowin«r  well  on  (irosx*  Isle,  a  few  mile-  away.  Investijra- 
tion  showed  the  loss  of  water  to  be  due  not  to  the  \n<s  Howin*^  well, 
nor  to  the  d<'<'p  (puirry  at  Newport,  but  to  certain  «ren(»ral  causi»s  appli- 
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cable  to  many  other  regions  throughout  the  country.  Of  these 
causes  deforesting  seems  to  have  been  one  of  the  most  important 
factors  in  the  decrease  of  supplies  in  the  past,  l)ut  had  little  imme- 
diate connection  with  the  present  shortage,  which  seemed  to  be  due 
(1)  to  the  extensive  ditching  that  tlie  region  has  undergone,  which 
has  lessened  the  amount  of  water  absorlx»d  by  the  gi'ound;  (2)  to 
the  early  frost  of  1903,  which  prevented  the  autunm  and  winter  rains 
from  entering  the  ground,  and  (8)  to  the  drought  during  the  spring 
and  summer  of  1904,  during  which  little  or  no  rain  fell  for  long 
periods.  The  water  will  probably  return  only  after  one  or  more  wet 
years,  and  may  possibly  never  return  in  its  original  amount,  but  a 
deepening  of  the  wells  will  probably  result  in  securing  supplies  ade- 
quate for  the  ordinary  needs  of  the  inhabitant's.  The  condition  of 
the  wells  during  1904  is  descrilxjd  at  some  length,  and  the  applica- 
tion to  other  regions  of  the  conclusions  regarding  the  shortage  is 
discussed. 

Water  SuppHes  at  Waterloo,  Iowa,  by  W.  II.  Norton. 

The  investigation  of  the  conditions  at  Waterloo  was  undertaken 
in  response  to  requests  from  city  officials  with  a  view  of  determining 
the  availability  of  artesian  waters  to  replace  the  surface  supply  from 
Cedar  River,  which  had  l)ecome  dangerously  polluted,  giving  rise  to  a 
severe  typhoid  epidemic.  The  investigation  showed  that  shallow 
ground  water  was  slight  in  amount,  owing  to  its  ready  drainage  into 
Cedar  River  and  its  extensive  absorption  by  the  underlying  rock. 
There  are,  however,  strong  sj)rings  issuing  from  the  limestone  5  or  () 
miles  up  the  valley,  and  artesian  water  could  i)r()l)al)ly  be  found  in  the 
St.  Peter  sandstone  at  al>()ul  hr>()  feet,  the  Jordan  sandstone  at  about 
1,H00  feet,  and  the  l)asal  (Potsdam)  sandstone  at  l.SOO  feet  or  more. 
Such  deep-seated  water  woidd  Im'  ])erfiH*tly  healtliy.  but  would  prob- 
ably give  more  or  less  troijl)!^  in  l)()ilers  on  airount  of  scale-forming 
minerals  in  solution.  Two  or  more  well^  would  l)e  necessary  to  fur- 
nish the  l^^)Oi)^){)()  <ralloiis  daily  which  the  city  requires.  The  neces- 
sity of  test  wells,  the  ijue^lion  of  >upplenientary  su])])lies,  the  head  of 
the  artesian  waters,  and  the  (lueslion  of  ])eriuanency  of  How  are  all 
discussed. 

Water  Sui)i)ly  from  (Jhicinl  (Jravi'ls  m^nr  Au^iistn.  'SU\,  by  (It'orj^e  Otis  Smith. 
The  region  treated  in  this  |)aj)er  includes  the  Silver  Lake  system  of 
ponds,  about  5^  miles  northwest  of  Augusta,  which  it  was  ])i'()pos(M]  to 
utilize,  in  connection  with  a  series  of  >prin<rs  at  the  head  of  Spring 
IJrook,  as  a  soui-ce  of  a  water  supply  for  that  city.  There  are  lo 
ponds,  with  an  aggregate  area  of  lJIT)  acre>.  connected  in  ])ai't  by  slug- 
gish streams,  but  without  any  outlet  stream.  Tlu'  springs  mentione(l 
are  half  a  mile  south  of  the  southernmost  pond.     A  study  of  the  area 
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^^lH)^vs  that  tho  p'livols  i)rol)al)Iy(Krupy  a  sort  of  basin,bounded  beneath 
tlic  si'rfa('(»,  lH)th  on  tlu»  oast  antl  west,  l)y  rock  or  impervious  till 
The  (Iraiiia^*  basin  is  divided  on  the  surface  by  a  winding  ridge 
which  st4)arates  the  ponds  into  two  chains.  The  water  level  in  the 
[xinds  in  general  shows  a  iv^uhir  decrease  to  the  south,  but  the  rate 
<litrers  in  the  two  chains,  making  it  appari'^nt  that  the  Avater  level  of 
tlie  ponds  de]MMids  on  the  height  of  the  ground-water-tables,  of 
which  then*  aiv  two — one  on  each  side  of  the  medial  -ridge.  The 
movement  of  the  water  is  manifestly  to  the  south,  its  point  of  issue 
iHMng  in  the  springs  at  the  liead  of  Spring  Brook,  the  flow  of  which  is 
supplied  from  the  same  ground- water  sht*et  as  that  which  suppHes 
the  ponds,  which  are  merely  the  visil)le  portions  of  the  ground-water 
lake.  Since  the  ground-wat(»r  Inxly  iK'cupies  a  confined  basin,  any 
water  taken  from  the  ponds  diminishes  by  so  much  the  total  amount. 
involving  a  correspond  ling  decivas4»  in  the  yield  of  the  springs, 
which  eonstitute  practically  the  only  source*  of  outflow  from  the  basin. 
Hence,  the  city  supply  would  not  Ih»  incivast»d  b}^  drawing  from  the 
ponds. 

Wiitor  Supply  fniiii  tlio  DoUa  T.vih»  «)f  SjiiuI  IMnlii,  by  W.  O.  Oroflby. 

During  the  construction  <»f  the  water  system  for  Boston  and  the 
metropolitan  district  of  Massachusi'tts  the  structure  and  waters  of 
Uie  sand  j)lains  near  Clinton  were  thoroughly  investigate<l  by  means 
of  many  liuiidnMl  horings.  and  a  sunnnnry  of  the  n»sults  is  presented 
in  the  prcstMit  paper  as  an  examph*  of  a  typ«'  of  water  supplies  of 
import aiuT  tliioughout  New  Kiigland.  The  phiins,  of  which  there 
arc  si'vcral,  wcro  dcpositt'd  a^  dcHas  in  a  glacial  lake  causi'd  by  the 
^^l»'^l^ll(•li()ll  «)f'  I  he  iiorthward-llowing  Na>luia  Kiver  by  the  retreatiuj; 
ice  <Ihm*i  of  till'  laM  (ilacial  cjxx-li.  The  deposits  known  as  the  North 
Dike  Plain  arc  paiMieiilarly  consid(M'»*d,  aii<l  their  tojiography,  com- 
position, struct  lire,  origin,  and  water  su|)|)lie-^  aiv  descrilH»d,  togi^ther 
with  the  cre>ts  and  valleys  of  tin*  Ixiried  rock  surface  upon  which 
iliey  lie.  The  form  of  the  water  table  and  the  phenomena  t)f  '•'lost 
water"  (water  |)assing  off  into  the  sands  at  points  below  the  water 
table),  as  well  as  the  occurrence  of  "springs"  or  wat<»r  s(»ams  under 
artesian  bead,  are  discussed.  TIh*  de])ositi(»n  i»f  iron  ami  the  cement- 
ing of  the  materials  in  certain  of  the  beds  and  th»'  oxidation  of  the 
drift,  both  of  which  features  are  de]>endent  on  the  circulating 
waters,  are  also  described  and  ex])Iained.  A  summary  of  the  condi- 
tions and  their  ap])lication  to  other  localities  concludes  the  paper. 

Waters  of  :i  (Jrnvcl  Filled  Valley  near  'i'ully,  N.  V..  by  (;«M»ri:«»  n.  IIoUiHter. 

In  a  valley  near  Tully,  X.  V..  there  is  a  thick  accunnihition  of  sands 
and  gravels,  representing  the  accumulations  taking  pla<*e  at  the  ter- 
mination i)i  a  tongue  of  glacial  ic<'  which  occupied  the  valley  during 


T-i  LLER.l  SUMMARY   OF   REPORT.  23 

a  late  geological  period.  The  deposits  are  similar  to  those  at  many 
other  points  in  New  York  and  New  England,  and  the  water-supply 
conditions  represent  a  type  of  importance  in  these  regions.  The 
paper  describes  the  character  of  materials,  the  volume  of  the  springs 
issuing  from  them,  the  deposits  of  tufa  formed  by  the  spring  waters, 
the  waters  of  the  lakes  occurring  in  depressions  in  the  gi'avels,  and 
the  composition  of  the  spring  and  lake  waters.  A  considerable  num- 
ber of  analyses  are  given. 

Notes  on  Certain  Hot  Springs  of  tlie  Soutliern  TTnite<l  States,  by  Walter  Har- 
vey Weed. 

Although  the  economic  importance  of  the  liot  springs  of  our  country 
as  resorts  is  immense  there  is  a  dearth  of  reliable  information  as  to  their 
occurrence.  In  this  pajx^r  descriptions  of  two  of  the  more  important 
localities,  the  Warm  Springs  of  (leorgia  and  the  Hot  Springs  of 
Arkansas,  are  described  in  some  detail.  The  former  issue  from  a  frac- 
ture near  the  base  of  Pine  Mountain,  a  sandstone  ridge  rising  from 
the  Piedmont  Plateau,  about  85  miles  south-southwest  of  Atlanta. 
The  waters,  which,  judging  from  their  temperature  of  87^,  come  from 
a  depth  of  about  1,(500  feet,  are  very  pure,  agrwing  in  this  respect 
with  the  water  of  the  Hot  Springs  of  Arkansas.  These  latter  springs 
issue  from  vents  in  old  tufa  or  hot-spring  dej)osits  in  a  valley  in  a 
somewhat  mountainous  i-egion  of  strongly  folded  CarUmiferous  and 
lower  Silurian  rocks  about  50  miles  west  of  Little  Rock.  The  springs 
are  Government  property,  and  about  them  have  Ihhmi  developed  i)arks, 
numerous  bathing  establishments,  and  hotels,  making  the  most  im- 
portant hot-spring  resort  in  America  and  one  comparable  with  the 
^reat  European  spas.  The  ])aper  gives  an  aeconnt  of  the  history, 
topography,  geology,  flow,  temperature,  and  (•oni|)osili()n,  inclnding 
many  analyses,  of  the  springs.  The  diseharge  varie>  from  about  500 
gallons  j)er  twenty-four  honi's  in  the  smallest  spring  to  'JOl.OOO  gal- 
lons in  the  largest,  and  the  teni|)ei'atnre  from  M>  to  \A1  .  The  waters 
contain  some  carbon  ilioxid,  nitrogiMi,  and  oxygen,  the  latter  two 
resulting  from  the  ai)sorption  of  air,  and  in  general  corres|)ond  closely 
to  the  ordinary  mountain  s|)i-ings,  except  in  the  element  of  heat, 
which  is  supposiMl  to  i)e  deiMved  fi'om  heated  vapor>  ri>ing  from  dovp- 
seated  igneous  inti'u>ions.  There  seems  to  have  been  little,  if  any. 
decrease*  in  tem|)ei"ature  or  volume  since  about  ls5().  when  the  springs 
were  first  carefully  studieil. 

Notes  on  Certain  I.ai.L'r  Sprin;:s  <»t'  the  Ozark  K<';:i<)n.  Missouri  and  Arkansas. 
ci)iui)lk»il  t>.v  Myr<»ii  L.  Fiiih'r. 

In  this  paper  are  j)Ut  on  record  data  relating  to  some  of  the  immense 
springs  of  the  O/ark  Mountains  which  have  recently  Ihhmi  investi- 
gated by  members  of  the  (Geological  Survey  with  the  object  of  deter- 
mining their  availability  for  water  power.     Those  discussed  are  (ireer, 
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Vail  BiiroiK  Faiu*h(»iK  Alloy,  lUue.  MrsniiUT,  and  Boiling  springs  in 
Missouri,  and  Mamnioth  S])rin^  in  Arkansas.  All  ocH.nir  in  liine- 
stuno  nu'ks,  an<I  s<*wral  rcpivsiMit  the  outlets  of  subterranean  rivers, 
while  t)no,  the  Blue  Spring,  issues  from  a  natural  well  nearly  50  fwt 
in  depth.  The  watei's,  thou^ii  sometimes  somewhat  i*oily  after  storms, 
are  usually  entirely  elear,  of  a  bluish  tin^»,  and  pure  exwpt  for  the 
dissolved  lime  and  nuignesia.  The  sunuuer  temix'ratnres  average 
alK)ut  ^r)"".  Measurements  in  11M)4,  when  the  springs  apjx^ar  to  have 
biHMi  very  low,  as  eompaivd  with  some  i)ast  yeai*s,  showed  the  flow  to 
range  from  'JI^  eubie  feet  per  si»eond  at  Blue  Spring  up  to  205  ^second- 
f(H»t  at  (ireer  Spring.  In  nearly  every  instaiui*  the  springs  either 
furnished  power  or  could  1h»  made  t(»  d(»  so.  Some  of  the  springs 
show  an  intermittent  flow,  as,  for  instance,  one  near  the  junction  of 
Jacks  Fork  and  Current  Kiver,  Shannon  (\)unty.  Mo.,  which  has  a 
rhythmic  tlischarge  with  maxima  about  forty  minutes  apart,  with 
intervening  mininui,  when  the  flow  nearly  oi»ast»s.  Sink  holes  are 
numerous,  and  in  places  aiv  thought  to  mark  the  position  of  the  under- 
ground streams  fin^ling  the  springs. 

ITHLtUWriONS  OF  TllK  I'NITKJ)  STATE8  GKOI-OGICAIi 

SrKVKV. 

The  results  of  the  work  of  the  Survey  on  untlerground  waters  and 
si)rings  are  puiJished  in  a  numi)er  of  different  forms,  briefly 
(h'scriluHJ  below.  C'omj)l<»te  lists  of  Survey  pul)lications,  with  prices 
of  >\ir\\  of  them  as  arc  for  >alc,  can  l)c  ol)tjiinc<l  on  a])plication  to  the 
Director. 

1.  Papers  and  rcport-«  acconii):myin*r  the  Annual  Keport  of  the 
Dircrtoi-:  Prior  to  P.hh  niMiiy  icjMirt--  rdalinir  to  underground  waters 
^vcrc  piil)li>hc<l  in  tin*  royal  ocImvo  rloth-boun<l  volumes,  which  aocom- 
j):uiic«l  the  iiiMinal  rt'|)ort>  of  the  l>ir«tinr.  'riii-«  form  of  publication 
I'oi"  >ri«'ntilic  pap«'i->  h:i^  been  (li-eonlinue«l  ;nnl  a  new  series,  known  as 
Profe»ional  Pa|)er>.  ha-  been  -nh-t  it  iite«l. 

1?.  liulletins:  The  bulletin-  n\'  iln-  Snr\e\  comprise  a  series  of 
paj)er-('ove!'e(l  oeta\(>  voluint'>  which  in  ii«'nei-:ij  r^uitain  a  singh*  report 
or  paper.  These  bulletin-  formerly  -oM  :\\  nominal  prices,  but  are 
now  di>ti"ibnlc(l  free  of  ehaiiie  to  tho>e  intere-le«l  in  \\io  sjM^cial  sub- 
ject iliscn-se«l.  Thi-  form  of  j)nl»li»':n  ion  i-  u-e«l  for  presimting 
information  i-elatinir  to  nmh^riiroiind  water-  when  the  hydrologu" 
(U'><'i*i|)t ions  are  aecompanied  by  extended  topouraphic  or  geolo<;ic 
di-cn.-sions.  Before  the  inauirnrat  ion  of  the  Water  Supply  and 
Irrigation  series  of  ])a])<'r.-  the  bullet in>  wt're  the  form  of  publication 
lor  all  shorter  pa pci's  related  to  water  .-n|)plie-.  Their  suuill  size 
precludes  the  use  of  large  maps  or  ])hdes.  and  r<^por(>  recjuiring  lar<rt» 
illustrations  are  therefore  issued  in  the  series  of  l*rofes-ionaI  Papers. 
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B.  Professional  Papers:  This  series,  paper  covered,  but  quarto  in 
size,  is  intended  to  include  such  pajK^rs  as  require  large  maps  or  other 
illustrations.  Their  publication  was  l)egun  in  1002,  and  they  are  dis- 
tributed in  the  same  manner  as  the  bulletins. 

4.  Monographs:  This  series  consists  of  cloth-bound  quarto  vol- 
umes, and  is  designed  to  include  exhaustive  treatises?  on  any  subject 
coining  within  the  province  of  the  Survey.  As  yet  no  paper  relating 
to  water  supply  in  any  of  its  forms  has  been  published  as  a  mono- 
^n^ph.     The  volumes  of  this  series  are  sold  at  cost  of  publication. 

5.  (Jeologic  Folios:  Under  the  plan  adopted  for  the  preparation  of 
a  geologic  map  of  the  United  States  the  entire  area  is  divided  into 
small  quadrangles,  bounded  by  certain  meridians  and  parallels,  and 
these  quadrangles,  which  number  several  thousand,  are  separately 
surveyed  and  mapped.  The  description  of  each  quadrangle  is  issued 
in  the  form  of  a  folio  as  the  survey  is  finished.  When  the  series 
is  complete  the  folios  will  constitute  a  (xeologic  Atlas  of  the"  United 
States.  Copies  of  the  folios,  like  the  preceding  publications,  are  sent 
to  a  large  number  of  public  institutions  and  libraries.  Those  remain- 
ing are  sold  at  25  cents  each,  except  such  as  contain  an  unusual 
amount  of  matter,  which  are  priced  accordingly.  Many  of  the  folios 
contain  special  descriptions  and  elaborate  maps  showing  the  occur- 
i-ence  of  underground  waters. 

7.  Reports  on  Mineral  Re^source^?:  The  reports  of  this  series  are 
<:loth-bound  octavo  volumes,  published  annually,  giving  statistical 
sununaries  oi  the  output  of  the  various  mineral  products,  including 
mineral  waters  and  brines.  They  were  issued  as  a  distinct  series 
from  1882  to  180:1  They  were  then  made  a  part  of  the  Annual 
Keport  until  11)00,  when  their  separate  publication  was  resumed. 
The  volumes  of  the  earlier  series  were  «renerally  sold  at  about  50  cents, 
l>ut  the  later  ones  ai'e  for  free  distribution. 

H.  Water-Supply  and  Irri^^ation  Papers:  These  are  of  octavo  size, 
r.nd  are  published  in  red  |)a|)e!-  covei-s.  They  are  distributed  <^ratu- 
itously.  As  the  name  indicates,  only  j)aper^  relatin<r  to  in  vest  iii:at  ions 
and  problems  of  water  sui>|)lies  in  iheir  varions  forms  are  published 
in  this  series.  In  eoininon  with  the  j)rofessi<)nal  papers  and  bulletins 
the  w^ater-supply  papers  are  divided  into  a  number  of  series,  as 
follows : 

(I)  Irrigation. 

(.1)  Water  sloniKO. 

(K)  ruinpiiig  water. 

(L)  Quality  of  water. 

(M)  (Jeneral  hydroixrapliic  invest iiratiiuis. 

(X)  Water  power. 

(O)  rudergrouiai  waters. 

(I*)  Uy(lrograi>iiir  pr(»,i:i*ess  i-ep«»rts. 
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1).  Ki'flamatitMi  Sorviiv  lleports:  Those  reports  are  octavo  vol- 
umes. ImmiiuI  ill  li^ht  olive-^H'ii  cloth,  and  issued  annually.  They 
(■<ivor  tiu'  di^inoorin^  uiul  construction  work  relating  to  projects  for 
rc(*laiiiiiii^  the  arid  public  lands.  In  the  three  reports  issued  .so  far 
notiiin^  relating  to  inulor|rround  watei^s  is  given. 

In  addition  to  the  various  sc»rii»s  of  i-eports  mentioned,  the  Sun-ey 
issues  a  large  nunilKT  of  topographic  and  other  maps,  on  some  of 
which  springs  are  shown,  as  well  as  sinks  resulting  from  subter- 
ranean drainagt*.     Lists  of  the  maps  may  be  had  on  application. 

The  following  detailed  lists  contain  all  pu})ers  on  underground 
waters  and  springs  issued  by  the  Survey:" 

rATKKS    IX    AXNl'AL    RKrORTS. 

'I"lu»  ntiiiisite  niid  (|u:ilif.viii^  coiulitUms  of  nrtosinii  weUn.  l»y  T.  C  Chaniberliu: 

Fifth  Ann.  Kept.,  1SS:;-S4.  pp.  I'JiVlT:?.  l.pl. 
ForniJitlnn  nf  trnvertiiie  and  sIliitHMis  sinter  by  the  vejiretatloii  of  hot  HpringH,  hy 

W.  11.  W«mmI:    Mnlli  Ann.  Kept..  1HS7- SS.  pp.  Cil.VUTri,  10  pl», 
Tlu'  iM»t!i!»le  \vj»t«Ts  «»f  eastorn  Tiiit^Ml  States,  by  W  .1  MKiee:    Fourteenth  Ann. 

Hopt..  is'.rj  i>;»..  pt.  -J.  pp.  1-47. 
.Natural  mineral  waters  <»f  tlu*  I'nited  Stat<»s.  I»y  A.  C.  Penle:    Fourteenth  AniL 

Kri»l-.  l>iJ»li-'.»:i,  pt.  li,  pp.  4I»-SS. 
WatiM-  n^onn-«'s  of  a  porti«in  of  the  <Jreat  rUihis,  by  Uoliert  Hay:    Sixteenth 

Ann.  Ut'pt.,  IS'.M  -11.').  pt.  U.  pp.  ."►.•{.V.VvS.  :\  pis. 
TIh'  und«»r;:round  water  of  Ww  .Vrlcansas  Valley  in  eastern  C'olorarto,  by  15.  K. 

(Tillu'rl  :    Si'V<Mit«M'nth  Ann.  Kept..  ISJCi  -lit;,  pt.  *J.  pp.  TMl-liOl,  15  plH. 
Preliminary   rrpnrt   on  arl«»sian   wat«M*s  of  a   iM»rtiun  of  tlw  Dakotas.   Iiy   X.  H 

Parton:    Si'ViMiteontli  Ann.  liri't.,  IS'.kVIh;.  pt.  L\  pp.  r,o:MM^4.  ;«)  pis. 
Tbc  wMlcr  n-sniirri's  of   Illinois,   by   Frank    I,rv«M'<'tt  :    SeventtHMith  Ann.   Itept.. 

1  s!  Ci  1 M ;,  I  It .  ::.  I  ,p.  » ;;  r,  s  p.  i.  it  pis. 
<HM.ln;:\   of  tin'  i:»h\anls  IMai«»au  an<l  liin  (Jrandt'  IMain  ailjatvnt  to  Austin  and 

San  Antnniti.  'r«v\..  with  rrt'crcinr  1m  ihr  n«rurr('n('t'  of  under^rronnd  waters. 

Ii\    K.    r.   Hill  iUMl  T.   \V.   Van^'han:    I-J^rlitrnitli  Ann.  Kept..  1S0<M»7.  pt.  2. 

pp.  in;;  :iLM,  \  i  pis. 
\Vat<'r   n*s<»un«'s  of    Indiana    and   Ohio.    Iiy    Frank    Lovrn'tt  :     Ki^htivnth   Ann. 

Ki'pt..  isim;  ut.  pt.  1.  pp.  4 in  .Viu.  .".  pis. 
.\««w  dovi'liipnionts  in  woll  luirini:  ant]  irrijzation  in  rastorn  Sonth  Hakotn,  ISIHJ. 

by  N.  II.  I»art«in:    Fi;:ht<H'?nli  Ami.  Kept..  Iv.m:  ;>T.  pt.   I.  pp.  ."Mil-Oir*.  10  pis. 
rrinciplos  and  ronditions  of  tln'  nmvcmi-nts  of  i:ronnd   water,  by  F.   H.   Kiu)?: 

.XiiU'trenth  Ann.  Kept..   1M>7 -l»s.  pt.  L*.  pp.  .V.»  -JJM.   11   pis. 
Thforrtii-al    invrstijration   of  tho   nioticMi  of  ^romul   waters,   by  C.   S.    Sllfhter: 

.Nineteenth  Ann.  Kept..  ISl>7-ns.  pt.  L'.  pp.  iMC.  ::k|.  1  pi. 
The  HM-k  waters  of  Ohio,  by  Fdward  Orton  :    Nineteenth  .Vnn.  Kept..  lS()7-t>S.  pt. 

4.  pp.  iu;:»  717.  .'I  ids. 
I'reliminary  report  on  the  p»olo^y  and  water  resonnes  of  .Nebraska  \v<wt  of  the 

one  hnndred  and  third  meridian,  by  N.  II.  Darton:   Nineteenth  Ann.  Kept.. 

I.S«>7-'.»S.  i»t.  4.  pp.  7ll»-7Hi"i.  4."  pis. 

"  FiH"  piiMb-atioii.s  appt'ariiiK  MJurt'  thi.s  tfxt  wn.s  pn'pjiiHMl.  sn-  otitsl(l«>  of  hai-k  rover. 
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PreHmloary  description  of  tbe  geology  and  water  raMmroea  of  tbe  soatbem  balf 
of  tbe  Black  HiUa  and  tbe  adjoining  regions  in  Sootb  Dakota  and  Wyoming, 
by  N.  H.  Darton:  Twenty-first  Ann.  Rept,  1809-1900,  pt  4,  pik  489-^99, 
56  pis. 
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THE  l)RALNA(iK  OF  PONDS  INTO  DRILLED  WELLS. 
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OKNKHAI.  CONDITIONH. 

The  oxt(Misivo  iro  action  of  the  (illacial  epoch  left  portions  of 
Michigan,  Iiuliaiia,  Wisconsin,  and  Minnesota  covered  with  glacial 
drift  to  a  <jn'at  depth.  Sand,  gravel,  and  clay  alternate  in  patches, 
hut  the  soil  is,  as  a  very  jLjiMieral  rule,  loamy  and  i)ermeable  in  the 
lake-lM'sj)rinkled  regions.  The  rainfall  is  usmiUy  from  30  to  40 
inches  j)er  annum,  of  which  from  S  to  1(>  inches  reach  the  streams 
as  run-oH',  lar<rely  through  springs  and  seepage. 

1H>NJ)S. 

On  lar<^n'  disiricts  the  >urf:hv  topo^MJiphy  is  moderately  rolling, 
and,  while  >l(H)in<j:  in  a  <j:<'ncr:il  way  toward  the  iai'ger  water  courses, 
contains  inm:nieral)lc  sli<rlit  hollow>  without  outlets.  These  iin- 
drain<Ml  dej)ressions  vary  in  character  from  wvy  snuill  sink  lioles, 
generally  tillahle,  in  which  slantling  watei'  i>  found  t)nly  after  heavy 
rain>  or  in  i»arly  spi-ing,  to  lakes,  the  vast  niajoi"ity  of  which  are  le^s 
than  1  s(juare  mile  in  area  and  which  drain  .slo|)ing  margin  lands 
from  five  to  lifty  times  their  own  extent. 

In  the  region  in  which  these  kettU'  holes  and  ponds  are  common 
no  <lirect  surface*  run-otf  to  the  streams  takes  place  over  a  ccmsidor- 
al)le  percentage*  of  the  area  nominally  tributary  to  the  rivers.  Data 
regarding  water-surface  evaporation  in  this  region  is  wry  meager, 
hut  it  may  he  said,  in  a  general  way,  that  the  annual  eva|)oration  from 
the  lakes  about  ecpnds  the  rainfall,  the  evaporation  being  greater  or 
less  than  the  j)recipitation  according  as  the  season  is  wet  or  dry. 
For  these  ponds  to  persist  at  a  nearly  uniform  level  i'(Mpiires  that  tho 
inilow  plus  the  rainfall  on  the  surface  shall  eejual  the  annual  losses 
by  evaporation  and  percolation. 
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DBAINAOi:  OF  PONB8. 

Ponds  of  this  character  disfigure  valuable  farms,  and,  if  drained, 
the  rich,  mucky  soil  reclaimed  would  in  many  cases  be  of  great  value. 
Special  attention  was  called  to  the  desirability  of  their  drainage 
by  the  excessive  high  water  which  followed  the  melting  of  the  un- 
usually large  snow  accumulation  of  the  winter  of  1908-4. 

One  of  these  ponds,  which  has  an  area  of  4  or  5  acres  when  full 
and  directly  drains  perhaps  60  acres  of  rather  steep  and  permeable 
land  surface,  and  which  has  been  observed  in  a  general  way  through 
many  years,  has  shown  a  variation  in  its  high-water  level  of  8  to 
4  feet  It  is  filled  with  grass,  promoting  evaporation,  and  in  a  dry 
season  goes  entirely  dry  for  a  few  weeks.  The  soil  beneath  is 
probably  impervious  or  nearly  so,  and  there  are  no  marshes  nor 
visible  springs  which  feed  it. 

SUBSOIL  DRAINS. 

An  unsuccessful  effort  was  made  twenty-five  years  ago  to  drain  the 
above  pond  by  digging  through  the  hardpan  bottom  and  inserting  a 
sfone-fiUed  curb.  This  method  of  draining  into  a  porous  subsoil  is 
considerably  used  in  France  and  elsewhere,*  but  was  entirely  without 
success  in  this  case. 

DEEP-WELL  DRAINS. 

Surface  drainage  being  unfeasible,  drainage  into  deep-drilled  wells 
has  been  successfully  tried  in  a  number  of  cases  in  Jackson  County, 
Mich.,  and  vicinity.     An  ordinary  well-driller's  outfit  may  be  used. 

In  drilling  the  well  on  Fred  Watkins's  place,  in  Parma  Township, 
after  the  first  water  IkhI  had  l)een  reached  at  a  dei)th  of  about  90 
feet,  the  pipe  was  allowed  to  project  upward  in  the  pond  near  the 
surface,  and"  was  not  protected  in  any  way.  The  rate  at  which  the 
water  from  the  pond  flowed  down  the  drainpipe,  rapid  at  first, 
ilecreased  greatly  during  the  first  week  and  afterwards  more  gradu- 
ally, so  that  after  two  months  the  pond,  though  visibly  lowered  as 
compared  with  adjacent  niulrained  ponds,  yet  was  not  dry. 

The  well  was  then  drilled  out  to  a  depth  of  170  feet  and  the  intake 
protected,  with  the  n»sult  that  the  water  was  sucked  down  the  pipe 
very  rapidly  and  the  pond  completely  drained.  This  well  drains  an 
area  of  about  35  acres  of  sloping  tilled  lan<l,  the  soil  l)eing  a  i)erme- 
ablc  gravelly  loam.  The  pond  area  was  2J  acres,  and  the  pond 
seldom  or  never  dried  up.  In  the  valley  of  Kalamazoo  River,  4 
miles  distant,  prolific  artesian  waters  are  obtained  from  a  water 
liorizon  which  has  verv  nearlv  the  elevation  of  the  l)ottom  of  this 
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drain  woll,  and  from  which  tlio  water  rises  to  an.altitiulc  alwut  the 
saino  as  the  static  head  in  tlic  (h'ain  well. 

/h'f/'rast  ftf  t/rffhihif/  poircr  of  wclh, — Several  theories  have  been 
advanced  for  the  rapid  <U»civas4»  in  flow  soinetimes  noticed,  as  in  this 
case,  after  thi^  opening  t)f  siicli  wells.     First,  it  has  been  suggested 
that  an  nnsattirated  p<H*ket  has  In^en  entennl,  but  this  appears  doubt- 
fid  from  the  rather  permeable  character  of  nearly  all  the  inaterial 
penetrated,  and  als<»  from  the  fact  that  abundant  water  supply  is 
always    foimd    in    wells   (h'illed    to   alnuit   the   same   depth   in  the 
surroiuidin^  region.     Second,  it  apiH»ars  possible  that  the  ix^rcolating 
chamlH'r  below  the  Iwittom  of  the  well  casing  may  have  filled  by 
caving,  reducing  the  percolating  surface.     This  is  not  improbable,  as 
a  similar  adjacent  well,  <lrilled  for  water  supply  in  1888  in  the  same 
siliceous  material,  caved  fre(piently  at  first  and  still  continues  to  do 
M)  at  intervals,  rendering  the  water  very  turbid.     The  effect  of  such 
caving  in  a  drain  well  would  probably  Ih»  deleterious.     The  use  of  a 
l)erforate<l  strainer  ])oint,  as  in  driven  wells,  might  be  advantageous. 
A  third  possible  <-aus4»  of  decreased  How  is  vegetable  fil)ers  and  silt 
carri(Ml  down  the  i)ipe  owing  to  lack  of  sci*eens.     At  the  start  the 
pond  was  full  of  vegetable  nuitter  ivsulting  from  the  decomposition 
of  pond  lily  and  other  a<piatic  plants,  and  long  fibers  could  be  seen 
entering  the  pipe.     Thes<»  wouhl  obviously  collect  on  the  j>ercolating 
sui-facc  of  the  W(»I1  and  there  form  a  matrix. 

Ktficff  iirt/  of  mils  fur  fhufin'fiKf, — The  elliciency  of  such  drain  wells 
lies  ill  ihcir  ability  to  di*aw  down  the  accnmulated  waters  residting 
iV«)in  inching  of  the  mk^w,  which  n>uiilly  takes  place  in  March, 
sulliciciitly  early  to  i)crniit  tillage  at  nunc  time  between  about  the 
lir>t  and  the  ini<Mlc  of  May.  The  annual  >pring  tilling  of  the  pond 
once  reinoNt'd,  fnrther  lilling  will  only  resnlt  from  excessive  rains 
(hiring  the  growing  ^ea.-on.  a  contingency  which  can  only  l>e  pro- 
vided against  by  the  use  of  a  well  of  such  caj)acity  that  the  standing 
v.ater  will  not  ruin  the  growing  crop  before  the  w«»]l  can  draw  it 
down.     Such  sumincr  freshets  will,  howevei-,  occur  at  intervals  only. 

The  pond  being  disposed  of,  tile  drains  may  be  lUMMled  to  suffi- 
ciently dry  the  subsoil  for  tillage,  and  this  re<juires  that  the  inlet  to 
the  well  shall  be  phuv<l  sulIiciiMitly  below  the  bottom  of  the  pond 
to  rccciv(»  their  etlluent. 

('(tsf  nf  ilnihi  nulls, — The  cost  of  a  drain  well  increases  with 
increased  diaiiuMer:  the  ])rice  charged  for  a  -i-incli  uncased  well  is 
To  cents  aiul  for  a  t-inch  one  IK)  cents  a  foot;  casing  eo^ls  in  addition 
'J,')  cents  and  upwanl  for  each  foot. 

('<tjnn  ftif  of  ilni'ni  frrlls. — The  capacity  of  the  drain  l)ipe  increases 
rapidly  with  increased  diameter,  first,  Invause  its  area  of  secticm  is 
proportionate  to  the  scpiare  of  its  dianu'ter,  and,  sccoinL  because  the 
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rloBB  of  head  and  velocity  due  to  friction  are  less  in  a  large  than  in 
a  small  pipe  with  a  given  velocity.  A  drain  well  can  take  care  of  no 
niore  water  than  can  flow  out  into  the  water-bearing  material  at  the 
bottom,  and  the  effect  of  an  increase  in  size  of  drain  well  depends 
hrgely  on  conditions  at  the  bottom  of  the  pipe,  as  will  be  explained. 
Hapid  drawing  off  of  the  water  in  spring  is  the  most  essential  requi- 
site, and  this  requires  that  the  efficiency  or  capacity  of  the  drain  well 
diall  be  as  great  as  possible. 

There  are  some  matters  connected  with  the  attainment  of  this 
end  that  are  not  well  understpod  by  the  drillers  of  such  w^s  where 
the  writer  jias  observed  them  and  that  offer  an  interesting  problem 
in  hydraulics. 

Underground  conditions. — {a)  The  drain  well  may  penetrate  an 
open  fissure  in  which  flows  a  free  stream  of  water.  This  may  occur, 
for  example,  in  limestone  formations.  It  is  to  be  regarded,  however, 
as  accidental,  and  is  not — as  some  are  led  to  believe  from  the  great 
water-taking  capacity  of  some  drain  wells — either  a  conmion  or  a 
necessary  condition  in  such  wells.  For  such  a  well  the  capacity  of 
the  drain  up  to  the  limit  of  the  capacity  of  the  fissure  would  be  almost 
directly  proportional  to  the  capacity  of  the  drainpipe,  the  condi- 
tion being  that  of  flow  through  a  pipe  with  free  outlet  (h)  The 
drain  outlet  may  be  in  porous  rock,  as  sandstone.  The  water-carry- 
ing capacity  of  sandstone  is  not  always  fully  appreciated ;  the  poros- 
ity, or  percentage  of  voids,  commonly  ranges  from  6  to  20  per  cent, 
16  per  cent  being  perhaps  a  fair  average.  The  water-taking  capacity 
of  the  sandstone  will  differ  from  that  of  a  loose  sand  of  the  same 
material  only  as  a  result  of  their  different  de^tM^s  of  compactness. 
{(')  The  drain  well  may  enter  a  porous  stratum  of  sand,  gravel,  or 
other  earth. 

The  wells  des<Til)ed  in  southern  Michigan  apparently  penetrate 
porous  layers  of  glacial  drift  or  sandstone.  The  outward  flow  is 
obviously  the  inverse  of  that  which  takes  place  when  a  well  in  the 
same  water-bearing  material  is  drawn  upon  l)v  pumping.  The  laws 
that  control  such  flow  from  wells  where  the  head  is  known  have 
been  fully  worked  out  elsewhere." 

Such  calculations,  together  with  the  known  yield  of  artesian  and 
pumped  wells  in  the  same  or  similar  formations,  abundantly  prove 
that  the  water-lx^arinp  material  encountered  in  the  drain  wells  of 
southern  Michipui  is  capable  of  caring  for  the  apparently  large 
inflow  observed. 

In  fig.  2  the  conditions  which  may  occur  in  such  a  well  are 
illustrated.     The  water  is  disposed  of  by  flowing  outward  through 

«  Turnonure  Jin<l  Uussell,  FubUc  Water  Supplies,  pp.  207-275. 
ISB  145—05  M 3 
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the  pores  in  the. material  fcmning  tlic  walls  uf  tho  clmtiiijer  at  tW; 
bottom,  and  the  rate  of  such  outward  flow  is  determined  by  the  p 
sure  he&d,  the  surface  area  of  the  chamlx*r  at  tb<?  bottom  uf  the  wl41, 
and  the  size  of  the  pore& 

Assuming  that  the  water  would  ri^  tii  the  woU  to  the  level 
(static  level)  if  there  were  no  inflow,  hut  tlmi  the  inflow  at  tho  loj 


Ctrcuht  brkk  outkt  dmmbtr 
Cut^ron  coiner 


i 


L9¥tt  to  m^hich  groyne 
with  no  inflow 


^  outtwmwhrmgkmir 


Atrows  indicate  outflovf 
Fzo.  2. — Diagram  IllustratlnR  conditions  In  dralna^  wells. 

of  the  pipe  raises  the  water  level  to  B,  then  AB  is  the  effective  head 
which  causes  discharge  at  the  bottom.  Later  we  shall  consider 
siphon  or  draft-tube  action  in  the  pipe.  Assuming  for  the  present 
that  water  flows  into  the  pipe  as  through  an  orifice,  then  the  inflow 
to  the  mouth  of  the  pipe  will  be  proportional  to  the  square  root  of 
the  depth  D  of  water  above  its  mouth,  indicating  that  in  this  case  the 
intake  should  be  placed  low. 
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The  mode  of  flow  down  a  pipe,  as  commonly  constructed  by  the 
drillers,  is  shown  in  fig.  3.  This  forms  what  is  called  a  ^^Borda 
mouthpiece  "  and  has  a  very  low  capacity.  Only  from  60  to  75  per 
cent  of  the  pipe  is  effective,  owing  to  contraction.  If,  however,  a 
bell  mouth  be  added  to  the  pipe,  having  the  form  of  the  vena  con- 
tracta,  as  shown  in  fig.  4,  the  full  area  of  section  will  be  effective, 
and  the  water  will  flow  down  the  pipe  with  a  velocity  equal  to  about 
96  per  cent  of  that  due  to  the  head  D. 

Thus,  a  well  jBtted  with  a  bell  mouth  may  take  1.8  times  as  much 
water  as  one  without.  If  the  static  level  A  is  some  distance  below 
ground,  the  well  will  adjust  itself  to  taking  care  of  the  increased  sup- 
ply of  water  provided  by  the  bell  mouth  by  increasing  the  head  AB  in 
about  the  same  proportion  that  the  inflow  is  increased,  barring  fric- 
tion loss  in  the  well  pipe,  a  factor  yet  to  be  considered. 

b I  mentions  of  belt  mouth 
to  outlet  pipe 


i^' 


Fig.  3.- 


-Dlaj^am  showlnf?  entrance  of  water 
Into  drainage  pipe. 


FiQ.  4. — Diagram  of  mouth  of  drainage 
pipe. 


In  a  well  having  tight  casing  and  a  proper  entrance  the  inflow  will 
be  augmented  by  siphonage  or  draft-tulx^  action,  the  water  being 
forced  down  by  atmospheric  pressure  in  a  manner  the  inverse  of  the 
action  of  a  lift  pump.  If  there  be  free  discharge  at  the  bottom  and 
if  the  well  be  over  38  feet  deep,  then  the  maximum  possible  draft- 
tube  head  of  32.8  feet  may  l>e  available. 

Unless  the  ground-water  horizon  is  at  exceptionally  great  depth, 
however,  it  will  probably  happen,  as  has  been  observed  in  practice, 
that  the  discharge  head  h,  required  to  take  care  of  this  large  inflow 
of  water,  will  cause  the  water  level  B  to  rise  within  much  less  than 
32.8  feet  of  the  surface,  limiting  the  siphon  head  and  dividing  the 
total  static  head  from  A  to  the  water  surface  of  the  pond  in  such  a 
manner  that  the  inflow  head  will  just  supply  such  a  quantity  of 
water  as  can  Ix?  forced  out  of  the  bottom  of  the  well  by  the  remaining 
or  discharge  head.  In  any  event  the  gain  in  capacity  and  rate  of 
drainage  which  w^ill  result  from  siphonage  will  be  very  great;  for 


u 


HYDROLOGY   OF   EA8TEBK    UNITED  STATBS,   1(HJ5,  f»o.  Ok 


aple,  with  a  pn^s^iiro  head  D  of  1  foot  over  tho  inlt^t,  the  di^liari^^  \ 
would  \k'  nnirly  douhled  by  tho  additinii  of  3  ftx*t  nf  eiffH'tivo  »ipboii 
age  and  nearly  trebknl  l>y  tht^  addition  of  B  fc^et  of  efftH*tire  ^iphoaagi^ 
itig  the  above  rt4atioiis  nmtheoiutically, 


Ezp^ait] 


Q=CA^2|7[h+(^-V)"I^1^] 


Where  Q= Discharge  in  cubic  feet  pel"  »econd. 

A=Areft  ot  crofii*  section  of  pipe  in  square*  feet- 
H=Dopth  of  wat^ir  above  top  of  pipe. 
h  =  Effective  siirtion  head. 
ft^ Friction  loss  in  pipe. 
V=Mean  velocity  in  pipe. 

K=A  coefHeient,  8Uch  that  K,j    e<iuala  the  oombiniHi 


I 


2tf 


entry 

haiKi  and  head  n^iuired  lo  produce  velocity^  In  gen- 
eralt  \"  it*  unknown,  and  this  fuetor  tiding  small,  may 
be  nei^lected. 

The  fi'iction  head  fif  for  vfinous  sizes  of  pitx^»  to^tlier  %vith  the 
entry  ajid  velocity  head  for  various  velocities,  may  lie  found  in  booka 
on  hydraulica" 

Veloiitf/  of  fon\ — The  velocity  of  flow  in  the  drainpipe  may  l^e 
measured  by  means  of  a  jrfmple  Pitot  tulx^  of  glass  instated  vertically 
in  the  top  of  the  pipe,  the  she»ri  cnti  projecting  upward  und  having 
its  mouth  npftr  the  outer  end  of  tlic  drainpipe  nnd  a  few  inehes  in^hiw 
the  top  of  the  pipe.  If  h  is  the  height  in  inches  to  which  the  water 
rises  in  tlie  long  leg  above  the  pond  surface,  then  the  velocity  of 
downward  flow  in  the  pipe  will  be  very  nearly 

The  flow  in  cubic  feet  per  second  w  ill  be 

Q=0.0065  cP  y=— gQ-  nearly, 
d  being  the  inside  diameter  of  the  pipe  in  inches. 

The  quantity  Q  should  be  somewhat  reduced  by  the  use  of  a  cor- 
rection coefficient  depending  on  the  form  of  inlet  to  the  pipe.  With 
good  siphonage  this  coefficient  will  be  near  unity. 

The  theory  of  flow  from  wells  rests  upon  the  assumption  that  the 
ground-water  horizon  is  sensibly  affected  only  w  ithin  a  certain  mean 
radius  of  influence.    There  is  no  method  of  accurately  determining 

•  Weston,  Friction  of  Water  In  Pipes ;  Coffin,  Graphical  Solution  of  Hydraulic  Prob- 
lems, etc. 
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this  radius  in  the  case  of  a  drain  well,  but  as  large  variations  in  its 
value  affect  the  result  but  little  it  may  be  assumed,  and  if  the  other 
necessary  factors  are  known  the  discharge  may  be  calculated. 


Without  entering  into  details,  the  following  example  may  be  given 
to  illustrate  what  takes  place  in  a  3-inch  drain  well  170  feet  deep, 
in  which  the  water  rises  statically  to  within  25  feet  of  the  top  of  the 
pipe  and  to  within  27  feet  of  the  pond  surface,  assuming  that  the  out- 
flow is  into  a  sandstone  stratum  100  feet  deep,  having  a  .porosity 
of  15  per  cent,  and  an  effective  mean-grain  diameter  of  0.15  milli- 
meter. These  conditions  are  practically  those  in  Watkins^s  drain 
well,  Parma  Township.  (See  fig.  3.)  From  Tumeaure  and  Russell's 
Water  Supplies  and  Weston's  Tables  « it  is  found  that  the  drain  would 
carry  down  165,000  gallons  per  day,  or  one-fourth  cubic  foot  per 
second,  and  that  the  total  available  head  of  27  feet  would  be  utilized 
about  as  follows; 

Utilization  of  head  in  Watkins's  drain  toeU. 

FVwt. 

Overcoming  friction  in  pipe e.0 

Velocity    head .  45 

Entry  bead .2 

Head  causing  outflow  at  bottom  of  pipe J : l-  20.0 

Total    2«.«5 

A  well  drawing  1  cubic  foot  per  second  will  lower  a  pond  of  1  acre 
area  about  2  feet  per  day,  providing  there  is  no  inflow.  It  will  lower 
a  2-acre  pond  12  inches  per  day,  and  so  on.  The  well  iji  the  above 
example  should  lower  a  pond  of  2.5  acres  area  about  2^^  inches  per 
day.  If  the  pond  were  filled  to  an  average  depth  of  2  fei»t  at  the  end 
of  March,  the  water  should  l)e  drawn  off  and  the  subsoil  sufficiently 
drained  to  permit  tillage  early  in  May.  Early  in  1905  the  Watkins 
pond,  which  is  fed  by  two  lines  of  drain  pipe,  was  well  filled  by  the 
rains  and  melting  snows,  but  was  drained  completely  by  the  latter 
part  of  May.  At  the  sanu»  time  adjacent  undramed  wells  remained 
nearly  full. 

SUMMARY. 

Owing  to  low  water  at'  the  time  when  visited,  the  writer  had  no 
opportunity  to  measure  the  actual  rate  at  which  any  of  the  Jackson 
County  drain  wells  take  water.  Such  measurements  would  l)e  of 
value  in  estimating  the  recjuired  size  and  probable  efficiency  of  other 
wells. 

•  Loc.  fit. 
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In  oondusioa,  the  impc^tftnci'  of  a  capacious  percolotkin  dian^ber 
at  the  bottom  of  the  weU,  aihI  of  E^iutable  t^^rtn^nB  to  pnitect  tk 
inlet,  may  be  emphasiaed  A  ^n^een  ovor  th«''  nioiith  of  the  pi^ 
should  not  be  used,  as  it  i^  ill  reduce  the  hiduw  heacK  but  an  nmpk 
catch  basin  of  brick  or  larp*  tilt^  i^urroitrnHng  the  weJl  Is  very  c)f^< 
able.  This  should  have  aoipte  ofieningH  cnviH'ed  by  ^-rtM.'n£i — pirfcf* 
ably  by  double  screens,  A  i^itggi'Krif>n  fur  u  suitablti  intake  is  «boini 
in  fig.  4, 

Experience  has  shown  that  in  any  k»ailtty  aucsces^  by  thifi  mode  of 
drainage  can  not  be  assured  l^nfoivhaad.  In  some  ca«^c^  fitjtufv  im 
probably  been  due  to  improjKT  tnetluKls. 

The  effect  of  this  manner  of  drainafje  in  to  forrihly  inji"ct  tlie  wates 
of  the  pond  into  the  ground- water  U'd,  If  the  ciraitia^e  wiitf^m  «l« 
impure  the  pollution  may  h^  detoetable  in  siu^roundin^  wella  whldi 
penetrate  the  same  water  horizon. 
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The  following  details  repirdin^  drainagt>  and  uth€!r  wcJLs  ia 
southern  Michigan  have  been  nuiiiiiltMl  chieHy  from  data  furnished  bj 
Mr.  Charles  Winchester,  well  driiler,  of  .Tnck^mi,  Midu.  and  liy  Mr, 
Carl  Horton.  A  number  of  artesian  welU  an*  includiHl  which  have 
been  drilled  for  drainage  puriK>8e.s,  or  in  placeij  adjaa^nt  u>  drain 
wells. 

(1)  Miran  Clark.  JackHon  County*  MIrli. :  .l^hieh  drniiNl  w^n,  total  dt^ttb  7B 
feet.  At  this  dei)tli  an  artesian  stratum  was  entered  raising  water  6  Indm 
above  the  surface. 

(2)  Henry  Sussex,  near  Jackson  City.  Jackson  County,  Mich.;  d-Incb  well 
drilleil  to  100  Un^t  depth.  At  this  depth  an  artesian  basin  was  entered  whldi 
raises  water  7  fi»et  alKJve  the  ground  surface*. 

i'A)  Truman  K;rgleston.  near  rarma,  Jackson  County,  MictL;d-incb  well 
drIlhMl  to  47  f(H»t  depth.  Drains  a  |K)nd  2  to  3  acres  in  extent.  The  reclaimed 
hind  is  useti  for  wheat  srowlnp. 

(4)  George  K^};Ieston,  near  rarma,  Jackson  Clounty,  Mich. ;  S-inch  well  drilled 
to  42  feet  dei>th.  At  this  depth  an  artesian  l)asin  was  entered  which  raises 
water  (»  inclies  a!K)ve  the  ground  surfacv,  rendering  the  well  Ufleless  for  drain- 
ape  puriK>ses ;  further  drilling  is  i^)ntemplat(Ki. 

(5)  Edward  Burt,  Jackson  County,  Mich. :  two  3-inch  wells,  the  first  to  a  total 
depth  of  32  fe<»t,  of  which  19  feet  are  in  rock ;  the  second  to  a  total  de|>th  of  46 
fcHJt,  of  which  22  feet  are  In  ro<'k.  The  two  wells  are  15  rods  apart ;  the  second 
affords  a  successful  drain. 

(0)  Arthur  Morrell.  near  Jackson  City,  Jackson  County.  Mich. ;  3-inch  well 
drilletl  to  147  feet  depth.  It  yields  an  artesian  stream  rising  (>  feet  above  the 
ground  surface. 

(7)  Rulleu  Brothers.  Parma  County,  Mich.;  3-inch  well  drilled  to  34  feet 
depth.  It  yields  an  artesian  flow  raising  water  12  to  18  inches  alK)ve  the  ground 
surface.  This  is  dlstiint  but  a  few  miles  from  several  successful  drain  wells. 
It  is  apparently  an  artesian  well  in  stratified  glacial  drift 
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(8)  diaries  I.  Moe,  Jadcson  Connty,  Mich. ;  3-liich  well,  at  flnt  drilled  116 
without  succesa.    Afterwards  It  was  drilled  S2  teet  farther,  making  the 

depth  138  feet,  and  giving  a  snccessfal  drain,  which  reclaims  about  10 

(9)  Fred  Watklns,  Parma  TOwnshIp,  Jackson  CSounty,  Mich. ;  3-lnch  well,  With 
a  total  depth  of  170  feet,  48  feet  at  surface  through  sand  and  clay  and  122  feet 
tiuongh  apparently  soft  stratified  rock.  Water  rises  In  well  within  25  feet  of 
fbe  surface.  The  pond  had  an  area  of  2^  acres  and  seldom  or  neyer  dried  up. 
Soil  mudc,  with  clay  uddemeath.  Two  lines  of  dralntlle  6  feet  in  depth  have 
been  used  to  drain  the  soil.    Tributary  area  to  pond,  about  35  acres  of  tilled 

ind. 

(10)  Ebb  Burch,  near  Concord,  Jackson  Ck>unty,  Mich. ;  stated  to  have  three 
successful  drain  wella 

(11)  Frank  Roe,  near  Bath  Mills,  Jackson  Coimty,  Mich. ;  stated  to  have  had 
B-lnch  drain  well  in  use  for  eighteen  years,  reclaiming  a  marsh ;  depth,. probably 
75  fteet 

(12)  V.  R.  Horton,  Parma  Township,  Jadisou  CSounty,  Mich.;  4-Inch  well 
drilled  70  feet  through  stratified  drift,  followed  by  143  feet  in  shales  and  sand- 
stone ;  total  depth,  213  feet,  of  which  75  feet  was  cased  with  4-inch  pipe.  Well 
located  In  pond  of  4  to  6  acres  area,  which  became  dry  in  some  seasons.  Shal- 
low muck  bottom  covered  with  grass;  drains  about  60  acres  steeply  sloping 
tilled  land.  This  well  began  to  take  water  when  about  170  feet  deep.  It 
drained  very  rapidly  for  a  time,  but  gradually  decreased  In  capacity,  apparently 
as  a  result  of  caving  or  clogging  of  the  pores  in  the  discharge  chamber.  A 
measurement  of  the  rate  of  fiow  by  Pitot  tube  was  made  March  28,  1905,  by  Mr. 
Cari  Horton.    The  well  was  then  taking  about  6  cubic  f^et  per  minute. 

(13)  W.  H.  Hartwell,  Albion,  Calhoun  Ck>unty,  Mich.;  4-lnch  drilled  well  87 
feet  depth,  probably  in  glacial  drift  Successfully  drained  pond  of  1  acre  area  in 
a  deep  glacial  depression  1  mile  from  Kalamaxoo  River  and  at  a  considerably 
greater  elevation.    Land  area  tributary  to  pond,  perhaps  40  acres. 

(14)  .  Ingham  County.  Mich. ;  2  or  3  inch  pipe;  total  depth,  138  feet— 

90  feet  through  sand  and  pravel,  48  feet  In  sandstone.  Well  afforded  successful 
drain  of  Kurrounding  marsh  land,  but  has  been  closed  to  avoid  possible  pollution 
of  ground  water. 


TWO  UXrSlJAL  TYPES  OF  ARTESIAiN  FLOW. 
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INTllODl'CTlOX. 

As  work  on  underground  water  progresses  many  variations  and 
peculiarities  in  the  conditions  giving  ri>i»  to  Hewing  wells  are  brought 
to  light.  Tn  another  paiM'r  in  the  presi^nt  report  Dr.  G.  ().  Smith  has 
described  ciM-tain  flowing  wells  in  crvstalline  riK'ks  of  Maine  and  Xew 
Hampshire  and  has  explained  the  eon<litions  governing  their  occur- 
rence. It  is  the  purpose  to  give  in  the  pivsiMit  pa{)er  brief  descrip- 
tions of  two  unusual  types  of  flow. 

In  the  first  of  the  two  ty|M»s  the  flow  takes  place  from  i^sentiallv 
uniform  sand,  there  iM'ing  nothing  which  in  any  stMise  forms  an 
impervious  cover.  In  the  second  the  flow  is  of  r(K*k  water  from  the 
rock,  although  the  confinement  is  not  thu'  to  rock  structuit*  nor  the 
luNul  dependent  upon  the  rock  outcrop,  hut  rather  upon  overlying 
deposits  of  (h'ift. 

FLOWS  I  KOM    rNCONriNKI)  IIOIM/ONTAL  SANDV  STRATA. 

riii^  jM'fiiliar  tyjK'  nf  :irlc-i;iii  \\n\\\  wliiih  i^  -oniclinies  encountered 
l»y  ciiLniH'cr-  iiiid  oihcr-  in  lln-ir  iiivc-lii^aiion-  of  ihr  water  resources 
(){'  legion-  of  j)r('\;iilingly  -mimIv  nmlcriMl-.  aj>j»art'iilly  dcfi(»s  the  com- 
monly n'cogni/(M|  i-(M|Mi>itc-  of  arlt'^ian  \v«'IN.  prc-mting  a  |)rohleni 
of  unusual  inlcrc-l  anti  one  wliirli  at  lir-l  -ii^lii  appear-^  diflicult  of 
-ohition. 

'riic  (— (*nlial>  for  artc-ian  How-.  a>  tirjincd  1>n  Piof.  T.  (\  Cham- 
lu'riin  in  hi-  trcalis(»  on  artc-ian  water-,'  aiT  a  |n'rvious  l)e<l  lying 
helween  two  iniper\ion^  l)e(I>  and  Inning  il-  ontriop  at  a  height 
greater  than  thai  of  the  surface  at  llie  well  ade(|nate  rainfall,  suit- 
able outcrop,  and  absence  of  leakage  being  a>>unHMl. 

The  recjui-ito  a>  defined  by  Professor  ('hainlnM  lin,  the  most  essen- 
tial feature-  of  which  are  the  imper\  ions  conlining  bed-  and  th(»  incli- 
nation of  the  strata,  hav(»  been  almost  univer-ally  a«<"epted  by  writer's 
on  the  -nbject.  but  recent  investigations,  -onie  of  the  re-ult-  of  which 

"  KtM|nisit.»  :iii<l  t|u:illt\  iim  conditions  of  jiih'si.in  wolls  :  Fiftli  Ann.  IIi'i''-  •*•  S.  Oi»ol. 
Survj'v,  ls^."•,  pp.  i;;4   !:;.■>. 
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are  here  represented,  have  shown  that  triie  artesian  flows  may  take 
place  where  both  of  these  conditions,  supposedly  indispensable  to 
flows,  are  absent  In  fact  sands  which  are  pervious  throughout  and 
which  are  horizontal  will  often,  when  penetrated,''yield  flowing  wells. 
The  principal  governing  such  flows  was,  to  a  certain  extent,  rec- 
ognized by  Chamberlin,  who  states  in  the  report  cited  (p.  138) 
that  the  water  itself  may  act  as  a  confining  agent,  but  in  his  descrip- 
tions and  illustrations  two  confining  beds  are  always  recognized,  the 
water  through  its  pressure  acting  simply  as  an  adjunct  to  the  upper 
confining  layer  in  preventing  leakage  or  increasing  the  head.  The 
possibility  of  flows  from  uniform  materials  does  not  seem  |o  be 
recognized. 

EXAMPLES   ON   LONG   ISLAND,   NEW   YORK. 

In  an  investigation  of  the  water  resources  of  Long  Island,  New 
York,  conducted  by  the  Survey  in  cooperation  with  the  commission 
on  additional  water  supply  for  Greater  New  York,  a  study  was  made 
of  the  ground  water  near  the  base  of  certain  high  bluffs  bordering 
the  deep,  narrow  depressions  constituting  the  bays  of  the  north  shore. 


Fig.  6. — Diagrammatic  east-west  section  across  the  bays  on  the  north  shore  of  Long 
Island,  New  York,  showing  horlzoutal  stratification  of  beds,  form  of  water  table,  and 
position  of  flowing  wcIIh. 

The  materials  in  which  the  l)ays  are  cut  consist  of  gravels  and  sands, 
largely  the  latter,  with  no  days  or  other  impervious  materials.  They 
are  essentially  horizontal  and  form  an  imperfect  terrace  about  200 
feet  above  sea  level,  as  shown  in  th(»  accompanying  profile  (fig.  5). 

The  sands,  even  of  tho  fini^r  varieties,  were  invariably  pervious,  and 
the  water  table  appeared  to  exhibit  in  the  main  the  regular  curve 
characteristic  of  uniform  materials,  although  irregularities,  due  to 
varying  coarseness,  doubt  less  exist.  Notwithstanding  this,  Avells  pene- 
trating below  the  water  table  at  points  near  the  base  of  the  blutfs 
(W,  fig.  5)  obtained  flowing  water.  Mr.  A.  C.  Veatch,  who  investi- 
gated the  problem  for  the  Survey,  decided  that  the  occurrence  of 
flows  depended  upon  slight  difl'erences  in  the  degi'ee  of  j)orosity  of 
the  sands,  which,  however,  were  in  all  cases  p(4*vious  throughout. 
Beyond  the  determination  that  a  slight  difference  in  porosity  was 
sufficient  to  determine  an  artesian  horizon,"  however,  nothing  definite 
was  discovered  as  to  the  exact  differences  in  texture  necessary  to  give 
rise  to  flows.     In  a  way  th(»  conditions  are  in  harmony  with  a  part  of 

a  SciPiK-e.  u.  8.,  vol.    11),   1004,  pp.   70r>-706. 
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thoee  outlined  by  Ghamberiin,  the  Bni^r  materiaK  thoii^H  r^ritmh 
pervious,  opposing  the  paasAge  of  water  fn  ti  grrnter  extent  than  tkl 
coarser    material.    Pressure,    however,    is    readily    conittmiuc! 
through  the  sand,  even  where  then>  h  nitich  rei4i$>t4ince  to  the 
ment  of  the  water,  and  as  the  well  pipe  nfronl^  a  le^s  resistance  In 
the  upward  passage  of  the  latter  an  compared  to  tliat  pre^'^iued  bjr^ 
the  finer  sands,  flows  take  plaoe. 


nC  MICHIGAX. 

Character  of  -flows. — ^During  the  ^tuminer  of   X\^in  an  investiga- 
tion *of  the  waters  of  the  Michigiin  drift  was  undoHuki'n   bv  i\\^\ 
Geological  Survey,  during  which  H(X>  or  more  flowing- well  arfas 
deriving  their  supplies  from  the  ghic  ud  drift  wen*  studied.     One  t»f - 
the  most  interesting  features  brought  out  was  the  oa^virn^nee,  m  oaj 
Long  Island,  of  flows  from  wells  sunk  wholly  in  sand-     Tlie  topo 
graphic  conditions  are  similar  to  those  in  the  locality   prt^viou^l?  ■ 
described,  the  wells  being  located  on  broad  valloy  {h>pf>^its,  or  ter*l 
races  or  plains  of  sand,  above  which  rise  liijrhtT  rnnmiacs  or  otlicrl 
glacial  deposits.    The  wells  are  almost  invariably  located  at  the  basB 
of  the  slopes  of  the  latter,  where  they  merge  into  the  lower* plains 
etc.    Commonly  they  meet  with  more  or  less  day,  batnoiiMVoiia  GBflBS 
were  reported  where  only  sand  was  encountered.    It  is  the  flows  from 
the  latter  which  are  of  special  interest. 

In  many  instances  it  is  probable  that,  as  on  Long  Island,  more  or 
less  marked  diffei-ences  in  texture  exist  in  the  sands  of  the  wells, 
giving  rise  to  the  flow  s,  but  in  other  eases  it  was  established  that  flows 
could  Ixi  obtained  where  the  sand  was  of  so  uniform  a  texture  as  to 
present  no  n^cognizable  dilferenci*  in  the  size  of  the  grains.  It  was 
further  found  that  such  occurrences  were  not  isolated,  but  of  wide- 
spread distribution,  the  flow^s  appai'ently  resulting  from  some  cause 
other  than  difference  in  texture,  and  depending  on  a  seldom  recog- 
nized but  widely  prevalent  type  of  artesian  conditions. 

Cause  of  fows. — The  cause  of  these  flows  is  probably  to  be  found  in 
the  arrangiMuent  and  shape  of  grains.  All  the  materials  from  whidi 
the  flow\s  of  the  nature  described  are  obtained  are  stratified;  in  other 
words,  were  deposited  as  layers,  which,  though  composed  of  material 
of  uniform  grain,  were  nevertheless  laid  down  successively  one  over 
another  as  horizontal  lamina?.  It  is  characteristic  of  this  process  to 
develop  conditions  more  favorable  to  the  transmission  of  water  along 
the  lamina*  than  across  them,  this  l>eing  due  in  part  simply  to  the 
lamellar  arrangement.*    There  is,  however,  another  factor  present — 

•  This  overlapping  of  grains  has  been  descrltied  by  W.  O.  Crosby  lo  his  discuMloiM  nf 
*'  hard  packed  '*  sand  In  glacial  deposits  at  Clinton,  Mass.  (Techn.  Quart.,  toI.  17,  10O4, 
pp.  61-62  and  67-70).  Althongh  such  sand  Is  so  deposited  or  "  packed  "  that  It  ttroBgiy 
resists  the  advance  of  the  drill  it  nevertheless  absorbs  large  quantities  of  water. 
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namely,  the  irregularity  of  the  shape  of  grains — ^which  has  probably 
considerable  inj9uence  in  regulating  the  flow  of  water  through  the 
sand.  In  sediments,  such  as  gravel  and  sand,  the  particles,  no  matter 
how  uniform  their  size,  are  not  symmetrical  in  i^pe.  .  One  axis  is 
almost  sure  to  be  longer  than  the  other  (fig.  6),  and  when  deposition 
takes  place  there  is  a  strong  tendency  of  the  grains  to  arrange  them- 
selves with  the  longer  axis  horizontal  and  with  the  grains  overlapping 
each  other  to  a  greater  or  less  extent,  like  the  shingles  of  a  liouse, 
though,  of  course,  far  less  perfectly  (fig.  7).  Under  such  conditions 
it  is  clear  that,  although  the  material  is  perfectly  pervious  and  may 
hold  large  amounts  of  water,  the  passage  of  water  across  the  stratifi- 
cation will  be  difiicult,  at  least  as  compared  with  its  passage  along  the 
lines  of  bedding.  When  a  well  enters  such  material  it  affords  an  easy 
upward  path  for  the  water,  as  compared  with  the  passage  through 
stratified  material  of  the  character  described,  and  a  flow  will  often 
result. 


§> 


O 


Fio.  6. — Shape  of  grain8  of  a  coaree 
sand:  natural  Mize.  Drawn  from 
photograph.    (After  King.) 


Fio.  7.-Oveilapiiliif  nod 
giaini,  selected  from 
thoee  shown  in  flg.  6,  and 
from  other  dmiUur  mate- 
rialf,  when  arranged 
with  larger  axes  approx- 
imately parallel  with 
one  another;  normal  sise. 


Importance  of  principle. — The  bearing  of  this  particular  type  of 
flow  on  the  water-supply  problems  of  individuals  or  of  small  towns  in 
the  deeply  gravel-  or  sand-covered  regions  of  Michigan,  Wisconsin, 
and  other  of  the  Northern  States  is  important.  It  is  no  longer  to  be 
assumed  that  impervious  confining  beds  are  necessary  to  the  flows 
which  are  so  highly  prized  in  many  regions,  but  if  the  topographic 
conditions  are  such  as  to  give  the  necessary  head,  flows  may  even  be 
obtained  in  uniform  sands.  In  the  States  mentioned  it  is  rare  that 
a  well  located  at  the  base  of  any  high  elevation  of  sand  or  gravel  or 
clayey  materials  fails  to  ()l)tain  flowing  water  (the  exceptions  being 
generally  those  wells  penetrating  nothing  but  clays) ,  and  pure  ground- 
water supplies  are  awaiting  development  in  hundreds  of  small  vil- 
lages in  these  regions.  Most  wells  obtain  flows  at  a  depth  of  100  feet 
or  less,  while  wells  over  200  f(»et  deep  are  relatively  rare.  The  flows 
are  commonly  confined  to  a  strip  along  the  base  of  the  bluffs  or  slopes 
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about  one-fourth  or  one-half  mile  in  width,  but  occji.'iinnaUy  iirlf«ii 
wells  are  found  at  considerably  greater  distancei^  from  the  highland§. 


FECUIJAB  BOCK  VUOWH, 

In  one  of  the  regions  in  southeastern  Michigan  Tiated  fay  the  write 
in  1904  there  were  several  flowing-well  areas  in  which  waters 
partaking  of  the  character  of  rock  waters  rose  under  arteaian 
sure  from  the  fissured  surficial  portion  of  the  rock  just 
sorlaoe  clays. 

Hhe  locality  visited  is  in  southern  Wayne  and  northern 
counties  and  lies  along  the  lower  course  of  Huron  Biverl^^''illiB 
region  is  characteristically  flat,  the  surface  materials  00D8ifl|tf$j^ui 
general  of  stiff,  sometimes  pebbly  days,  covering  to  a  tfaieknoos  of 
from  20  to  GO  feet  a  slightly  irregular  rock  surface  mainly  of  lime- 
stone or  sandstone.    The  general  conditions  are  shown  in  fig.  8. 

From  the  figure  it  will  be  seen  that  the'  rocks,  though  dipping  weafc 
at  a  rate  of  about  25  feet  per  mile,  have  been  so  eroded  that  their 


Fig.  8. — Type  of  artesian  conditions  in  southeastern  HlchlgmiL 

surface  slopes  not  to  tlie  west,  but  to  the  east.  The  westward  dip 
of  the  rock  layers  continues  halfway  across  the  State,  after  which 
Ihe  beds  rise  again,  but  they  do  not  reach  the  surface  anywhere  in 
Michigan.  Considering  the  general  impervious  character  of  the 
rocks,  the  remoteness  of  their  western  outcrop,  and  the  fact  that  the 
elevation  of  the  latter  is  nowhere  sufficient  to  give  the  observed  head 
at  a  point  so  far  away,  it  is  certain  that  the  water  can  not  come  up 
the  dip  from  remote  source^s.  On  the  contrary,  a  careful  study  of  the 
wells  showed  that  the  water  simply  occupied  the  fissured  upper 
])ortion  of  the  rock  and  moved  eastward  entirely  independently  of 
the  character  of  the  rocks  or  their  dip.  Following  the  wells  west- 
ward, it  was  found  that  the  source  of  the  water  was  in  the  drift  hills 
resting  on  the  rock  a  few  miles  to  the  westward,  against  which  the 
clays,  serving  as  an  impervious  cap  to  the  rock,  terminate  at  a  level 
higher  than  that  of  the  flowing  wells. 

The  fissures  in  the  rock  appear  to  l)e  largely  of  the  nature  of  joint 
and  similar  cracks,  and  were  probably  opened  under  the  influence  of 
the  weather  when  the  rock  was  exposed  at  the  surface  before  its 
burial  by  the  drift.    Solution  crevices  dissolved  in  the  limestone  by 
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the  percolating  watei'K  also  form  a  part  of  the  fissure  system,  T^^ 
pif^erai  the  crevit^'eti  are  most  nuniBrous  near  the  Hur facts  tlit^  waier 
ln>ing  commonly  found  within  a  few  feet  of  the  top.  It  h  prohable, 
how^ever,  that  some  of  the  fissures  reach  consirk^rable  de|>ths  and  will 
yield  water  to  deep  wells.  The  water  in  its  passage  through  the 
rock  dissolves  from  it  more  or  less  mineral  matter,  iSO  that  when  it 
issues  oDce  more  from  the  wcHh  it  posseHseH  the  characteristicH  of  a 
I'oek  water.  In  certain  of  the  limestane  areas  it  h  high  in  sulphur,^ 
while  at  other  points  it  is  low  in  sulphur,  but  high  in  iron,  etc,  ^M 

Summarizing,  it  may  l>e  said  that  the  district  presents  the  anomti- 
lous  ccjnditiun  of  furnishing  flowing  rock  waters,  which,  nevertheless, 
are  not  originally  tJerived  from  the  rock,  but  from  the  drift,  are  con- 
fined by  drift,  and  depend  upon  the  drift  rather  than  tlie  rock  for 
their  head.  In  fact,  in  all  essentials  they  are  drift  waters,  tlie  rock 
simply  serving  as  a  carrier  in  place  of  the  layer  of  stratified  sand  or 
gravel  commonly  present. 

The  conditions  described  are  duplicated  at  a  considerable  number  of 
points  in  southeastern  Michigan,  and  the  same  exphinat  ton  of  the  flows 
may  apply  to  other  artesian  districts  in  the  clayey  fhit  Imids  hor tier- 
ing the  lakes  in  Michigan  and  adjacent  States.  The  part  played  by 
the  surface  clay  as  a  retaining  layer  of  rot^k  waters  suggests  a  possible 
explu nation  of  th*^  ronfinement  in  crystalline  or  jointed  rocks  that 
I'esults  in  artesian  flows.  -  ^^ 
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SPRINGS. 


By  Myron  L.  Fnixm. 


QiPRO  YSMENT  OF  SPRINGS. 

Where  springs  issue  in  transparent  pools  or  as  stroaiDS  of  deir 
water  from  the  rock  little  can  be  added  to  their  attractivenesB  hj 
artificial  means.  In  many  places,  however,  the  water  of  the  springi 
seeps  out  slowly  through  the  soil,  the  place  of  emergence  being 
marked  simply  by  a  wet,  grassy,  or  boggy  spot.  In  sadi  cues  the 
Hprings  may  often  be  transformed  by  the  oonsfanictioii  of  artistic 
basins,  rocky  arbors,  rustic  spring  houses,  and  other  similar  means. 
One  of  the  most  useful  methods  of  treatment  is  the  constmction  of  t 
so-called  "  fountain  spring,"  while  the  most  interesting  in  many  ways, 
and  the  most  puzzling  to  many,  is  the  **  geyser  spring."  Both  are  of 
simple  construction  and  inexpensive,  and  the  results  under  favorable 
conditions  are  quite  striking. 

CTuA88E8  OF  SPRINGS. 

In  the  present  discussion  springs  are,  for  convenience,  grouped 
into  two  classes:  (1)  Hillside  springs  and  (2)  springs  on  flat  or  levd 
lands.  In  either  the  water  may  or  may  not  l>e  under  pressure  or 
head.  In  those  cases  where  there  is  no  head  the  water  can  not  be 
made  to  rise  naturally  above  its  point  of  emergence,  but  when  under 
pressure  it  will,  if  confined,  rise  to  a  greater  or  less  height  above 
the  point  at  which  it  issues. 

Fig.  9  represents  a  hillside  spring  unconfined  and  without  head, 
while  fig.  10  shows  a  similar  spring  fed  from  waters  confined  between 
two  impervious  layers  and  under  more  or  less  pressure;  only  in  the 
latter  case  will  the  water  rise  if  confined.  From  either,  however,  a 
fountain  or  a  geyser  spring  can  be  constructed  if  sufficient  fall  can  be 
had  close  at  hand. 
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Springs  occurring  on  level  land  can  also  be  classified  according; 
to  the  amount  of  head  which  their  waters  possess,  which  will  vary  in 
amount  from  just  sufficient  to  bring  the  water  to  the  surface  to 
enough  to  make  it  boil  strongly  from  the  ground. 

To  test  the  amount  of  head  of  the  water  of  a  spring  it  is  necessary 
to  confine  the  flow.  When  this  is  low  it  can  often  be  determined  by 
inserting  a  bottomless  barrel  about  the  spring.  If  the  water  rises  to 
a  height  considerably  above  the  surface  of  the  ground,  and  especially 
if  the  half -sunk  barrel  fills  and  overflows,  it  may  be  presumed  that 
the  water  would  under  more  favorable  conditions  rise  still  higher, 
and  possibly  the  spring  could  be  made  into  a  "  fountain  spring.*' 


L 
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FiQ,  9. — UUlBide  Bpring  from  unconflned  water  bed  without  head. 


Fig.  10. — Hillside  spring  from  confined  water  bed  under  more  or  less  head. 


CONSTRITCTION   OF   FOUNTAIN    SPRINGS. 


Definition. — The  term  '"  fountain  spring  '•  is  here  used  to  designate 
a  spring  the  water  of  Avhich  is  made  to  rise  through  a  pipe  to  a  point 
above  the  surface  of  the  ground  at  the  spring.  It  may  flow  gently 
from  a  pipe  into  a  trough  by  the  roadside  or  in  the  barnyard,  into 
the  sink  in  the  kitchen,  or  it  may,  if  the  head  is  considerable,  be  made 
to  throw^  a  jet  into  the  air  as  in  an  ornamental  fountain. 

Construction, — The  aim  in  the  construction  of  "  fountain  springs  " 
is  to  confine  the  water  and  force  it  to  rise,  instead  of  flowing  out  use- 
lessly upon  the  ground  as  in  the  imdeveloped  spring.  To  do  this  a 
circular  excavation  about  »3  feet  in  diameter  should  be  made  about 
the  spring,  the  earth  being  removed  to  a  depth  of  3  to  5  feet,  or  until 
a  layer  of  clay  or  clayey  sand  is  encountered.  The  excavation  when 
completed  should  have  the  outline  indicated  by  e  e^  e^  e^  in  fig.  11. 
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A  bottomless  burel  {b  b^  V  b*)  may  thm  W  in.sertcii  and  an  tiprigi«l 
pipe  placed  in  the  center  with  its  bottom  neur l,v  Ic^vel  wilh  the  Jowe 
edge  of  the  barrel.  Around  the  pipe  insifle  the  bamA  mi*  |>aeki«ii 
rounded  stones  (G)  8  or  4  inches  in 'diaim^tcr  a(  tin*  h>ttom,  hut 
gradually  decreasing  in  size  until  a  hei^^t  of  2  ff'et  j»  i^acliinL  About 
6  inches  of  sand  (S)  should  then  be  insertetl;  onorrd  wifli  ati  t^^uA  \ 
thickness  of  clay,  or  of  as  clayey  sand  or  loam  as  can  be  found  (C). 
This  should  somewhat  more  than  fill  the  remainder  of  the  barrel,  and 
should  be  worked  in  around  the  edges  on  the  outside  until  all  avenue 
of  escape  of  the  water,  except  through  the  projecting  pipe  b  eat  ofll 
The  ground  should  then  be  leveled  over  and  thoroughly  tamped 
down.  An  auger  hole  bored  through  the  day  at  the  point  wliera  the 
water  rises  (Sp)  will  sometimes  improve  the  flow.  In  more  elaborate 
constructions  cement  can  be  used  to  advantage  in  place  of  day. 


Fig.  11. — Diagram  Rhowln^  method  of  coDBtriictlofc  a  "fountain  spring."  Sp.  point  of 
omerKenco  t)f  spring ;  ii,  gravel :  S,  nand :  C.  clay  ;  b  b^  b-  b^,  sunken  barrel ;  c  e»  c»  c*, 
outline  of  original  excavation. 

The  result  of  this  treatment  is  that  the  water  of  the  spring,  de- 
prived of  its  ordinary  outlet,  is  forced  to  rise  through  the  pipe.  The 
height  to  which  it  will  rise  and  the  force  with  which  it  will  flow  de- 
pends upon  its  head,  which  is  in  turn  dependent  upon  the  elevation 
of  its  source.  There  are  many  instances  where  the  water  is  raised 
into  roadside  troughs,  and  its  possibilities  in  connection  with  farm 
and  household  supplies  are  considerable.  A  few  owners  of  impor- 
tant springs,  as  at  the  Nochemo  Springs,  Reed  City,  Mich.,  have  by 
this  or  similar  processes  succeeded  in  obtaining  streams  which  throw 
jets  several  fwt  into  the  air,  making  fountains  of  considerable  beauty. 
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Unfortunately,  not  all  springs  can  be  converted  into  "  fountain 
springs,''  but  testing  by  means  of  the  treatment  outlined  above  is 
inexpensive  and  requires  but  a  few  hours  of  labor  to  complete.  Some- 
thing of  the  height  to  which  the  water  will  rise  may  sometimes  be 
judged  from  the  force  with  which  it  boils  up  in  the  bottom  of  the 
pools  so  frequently  associated  with  the  springs, 

CX)N8TRrcnON   OF   GEYSER   SPRINGS. 

Definition. — By  a  geyser  spring  is  meant  one  so  piped  that  it  will 
throw,  at  fixed  intervals,  a  jet  of  water  to  a  greater  or  less  height  into 
the  air,  after  which  the  flow  subsides  and  ceases  until  the  lapse  of 
another  interval  of  time,  when  it  again  flows. 

Necemary  conditlonH. — To  successfully  construct  a  geyser  spring 
it  is  necessary  to  find  a  spring  at  some  elevation  above  the  point  at 
which  the  flow  is  desired  and  but  a  short  distance  away.  A  spring 
on  a  steep  hillside,  not  more  than  100  feet  away  from  the  desired  point 


FifJ.  12. — Diagram  showlni;  method  of  coDstnictloii  of  '*  geyger  sprlnf?.**     A,  Normal  point 
of  oniorRonco  of  sprin;;s ;  C,  Impervious  stratum  ;  F,  geyser  spring:. 

of  flow  and  15  to  20  frot  higher,  presents  the  most  favorable  condi- 
tion. It  does  not  matter  in  this  instance  whether  or  not  the  water  is 
under  pressure. 

CoNMtntrtio/t. — The  spring  will  nearly  always  emerge  just  above 
an  impervious  layer  as  at  A  in  lig.  V2.  A  little  hack  from  this  point 
a  small  ])it  several  feet  deep  should  he  dug  and  a  barrel  inserted  with 
its  up])er  edge  al)()ut  <>  inches  above  the  top  of  the  impervious  layer. 
Holes  should  be  hoi-ed  in  the  sides  to  admit  the  water  just  above  the 
clay,  this  part  of  the  barrel  being  surrounded  by  fine  gravel  to  keep 
the  holes  from  clogging  and  to  prevent  clay  and  sand  from  entering. 
The  barrel  may  he  covered  and  the  earth  tamped  down  if  desired. 
A  pii>e  should  finally  he  connected  with  the  bottom  of  the  bari-el  by  a 
tight  joint,  and  should  lead  u])ward  sharply  until  about  G  inches  be- 
low the  top  of  the  clay  or  a  foot  Indow  the  to])  of  the  barrel,  when  it 
should  l)c  bent  gradually  and  carried  downward  below  the  surface 
at  a  depth  just  suflieient  to  i)revent  freezing,  to  the  fountain,  when 
IBB  140 — 05  Ai 4 
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it  should  be  bent  again  into  a  Tn^tical  petition  itnd  hixni^l 
surface.    The  pipe  is  in  fact  a  simpk  Miphcnu 

Operation. — ^The  water  gradually  nccuimi laics  in  the  bar 
it  reaches  a  height  equal  to  that  uf  iIm'  uppr  Mu)  of  \Uv  ^ 
at  which  moment  a  flow  is  inaugti rated,  issiiinir  tii  the  fou 
at  F.  The  flow  will  continue  unlit  Ihe  water  is  rxbHiistcn] 
the  barrel,  when  it  will  stop,  only  to  cotmuenee  again  whe 
level  of  the  top  of  the  siphon  is  upiin  itkcIuhI,  One  prt?c^i 
however,  is- to  be  observed  in  reguii  iij^Uiti,  wurkiijjj  tjf  ilm  a 
namely,  the  capacity  of  the  pipe  should  be  greater  tlia&  the  ca] 
of  the  spring,  otherwise  the  flow  onoe  inaugurated  will  be  oontii 

The  height  to  which  the  water  will  be  thrown  depends  prin 
upon  the  altitude  of  the  spring  above  the  fountain— 4he  hig^ 
spring  the  higher  the  jet  A  decrease  in  the  inae  of  the  jet  wil 
within  certain  limits  increase  the  height  to  whidi  it  will 


A  CONVENIENT  GAGE  FOR  DETERMINING  LOW  ARTESIAN 

HEADS. 


By  Myron  L.  Fuller. 


One  of  the  most  important  items  in  the  investigation  of  artesian 
wells  is  the  head,  or  height,  to  which  the  water  will  rise.  Although 
the  volume  and  velocity  of  discharge  afford  general  indications  of  the 
head,  other  factors,  especially  the  size  of  the  pores  of  the  rock  through 
which  the  water  passes,  have  an  important  modifying  action  upon  the 
flow.  The  head  which  in  a  porous  material  will  give  a  large  discharge 
under  considerable  velocity  may  give  only  a  small  drizzle  in  a  very 
fine-grained  material,  owing  to  the  resistance  of  the  latter  to  the  pas- 
sage of  water.  In  most  cases  the  exact  character  of  the  water-bearing 
horizon  is  not  known,  and  even  where  known  the  flow  may  be  depend- 
ent, not  on  the  nature  of  the  material  in  the  immediate  vicinity  of 
the  well,  but  on  the  average  character  of  the  material  which  the  water 
has  penetrated  in  its  passa/Lijo  from  its  source  tothe  point  of  emergence. 
This  is  known  even  more  rarely  than  the  character  of  the  water  bed 
at  the  well. 

It  being,  therefore,  coninioiily  inij>ossil>k»  to  calculate  the  head  from 
the  volume  or  velocity  of  How,  it  U'coines  necessarv  to  apply  some  form 
of  pressure  gage  to  the  well.  This  has  often  In^en  done  in  the  case  of 
wells  of  high  head  in  the  iiion*  important  artesian  districts,  but, 
because  of  the  cunibersoine  character  of  ordinary  gages  and  the  dif- 
ficulty of  connecting  thoni  with  the  wells,  they  have  been  rarely  used 
on  small  wells  of  low  head,  such  as  those  which  occur  at  many  points 
in  the  drift-covered  areas  throughout  Michigan,  Wisconsin,  and 
Minnesota. 

The  ordinary  steam  gagr  is  about  5  inches  in  diameter  and  several 
inches  thick,  and  its  us<»  has  commonly  necessitated  considerable 
plumbfng  work  in  piping  it  on  to  the  well.  For  some  time  the  writer 
has  sought  for  a  gage  of  small  size,  capable  of  being  quickly  applied, 
and  has  at  last  found  one  of  low  price  which  will  measure  heads  up 
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to  50  pounds,  or  about  100  feet,  ctn  be  carried  in  tibe  vbA  pocket, 

and  can  be  applied  to  ordinary  pipes  and  read  in  a  aeeaiul^  tiin&    It 

is  described  in  the  following  paragraphs. 

The  gage  adopted  for  the  measnrenient  of 
low  pressures  is  2  inches  in  diameter  and  1 
inch  in  thickness.  The  tjrpe  oommonly  used 
is  nickel  plated,  though  it  can  be  otvtained 
plain,  and  the  face  is  protected  by  a  thick 
beveled  crystal.  The  dial  is  graduated  in 
pounds  and  reads  up  to  60^  each  fifth  pound 
being  marked  by  figures  (fig.  18). 

Into  the  stem  of  the  gage  a  small  three- 
eighths  inch  metal  tube,  about  an  indi  in 
length,  is  screwed,  over  which  is  stretched 
and  wired  a  rubber  tube  which  opens  out 
into  a  broad  flange  2  inches  or  more  in 
diameter  (fig.  13).  This  peculiar  tube, 
though  appearing  at  first  sight  of  a  dbarac- 
ter  difficult  to  obtain,  may  nevertheless  be 
secured  at  any  drug  store,  and  is  made  by 
simply  cutting  through  the  middle  of  tlw 
bulb  of  a  large-sized  syringe. 
In  the  case  of  small  wells,  such  as  those 
for  which  the  apparatus  was  devised,  the 
diameter  of  the  pipe  from  which  the  fiow 
issues  is  eoininonly  from  one-half  to  1  inch, 
and  will  rarely  exceed  2  inches.  In  applying 
the  apparatus  take  the  gage  in  the  right 
hand  and  at  the  same  time  slip  the  open 
half  of  the  rubber  bulb  over  the  end  of  the 
pil)e,  holding  it  finnly  so  that  no  leakage 
takes  place.  With  discharge  pipes  up  to  1 
inch  in  diameter  and  with  heads  within  the 
limits  of  th(»  gage  this  can  be  done  without 
difficulty,  and  the  pressure  read  immedi- 
ately from  the  dial.     With  2-ineh  pipes  the 

gage  can  not  l>e  used  satisfactorily  for  pressures  much  greater  than 

25  pounds  per  square  inch. 


Fig.  18.— (k)iivt'nicm  form  of  pres- 
sure gage  and  its  application. 


WATER  RESOURCES  OF  THE  CATATONK  AREA,  NEW  YORK. 


By  E.  M.  Kindle. 


L.OCATION. 


The  area  here  considered  lies  to  the  southeast  of  the  Finger  Lakes 
region  of  New  York  and  has  for  its  southern  boundary  the  New 
York-Pennsylvania  State  line.  It  is  about  midway  between  the  east 
and  west  boundaries  of  the  State.  Four  15-minute  quadrangles, 
known  as  the  ''  Dryden,"  "  Harford,"  '"  Owego/'  and  "Apalachin," 
comprise  the  area.  The  city  of  Ithaca  lies  near  the  northwest  corner 
of  this  area,  but  only  partly  within  it.  Binghamton  lies  near  the 
southeast  corner,  but  just  outside  the  area. 

TOPOGRAPHY  AND  GEOIX>GY. 

The  region  is  one  of  strong  topographic  relief,  the  hills  reaching, 
a  maximum  elevation  of  '2,000  feet,  with  an  average  elevation  of,  per- 
haps, 1,500  feet.  The  drainage  is  j)riiu'ipally  to  the  Susquehanmi 
River,  which  crosses  the  southern  part  of  the  area  from  east  to  west. 
The  drainage  of  the  nortliwestern  part  of  the  area,  including  most 
of  the  northern  half  of  the  Dryden  quadrangle,  discharges  into  Lake 
Cayuga.  All  of  the  principal  valleys  lie  between  the  800-  and  1,200- 
foot  contours  except  Cayuga  Valley,  which  just  enters  the  region 
on  the  northwest  and  has  an  elevation  of  between  880  and  400  feet  at 
Ithaca.  Shales  and  sandstones  of  u])per  Devonian  age  comprise  the 
surface  rocks  of  these  (|na(lrangles.  The  rocks  lie  approximately 
horizontal,  with  a  general  hut  snuill  southerly  inclination,  interrupted 
over  a  part  of  the  area  l)y  very  low  folds  with  east-west  trend. 
Glacial  deposits  of  clay,  sand,  and  gravel  cover  the  whole  of  the 
region. 

VV^ATEU  KESOUUCES. 

WELLS. 

The  sandstones  and  shales  which  constitute  the  consolidated  rocks 
of  the  region  are  comparatively  impervious  to  water,  and  relatively 
few  wells  or  springs  derive  their  supply  from  them.     The  glacial 
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till,  witli  its  intorlxHlded  sands  and  gravels,  acts  throughout  the  whol(* 
ro^ion  as  a  n'sc^rvoir,  from  which  wells  from  10  to  40  feet  deep  usually 
()i)taiii  a  satisfactory  supply  of  water  for  domestic  pusposes.  Springs 
arc  coininon  on  the  hill  sIoik^  and  supply  flowing  water  to  a  large 
nuiiilMT  of  farms. 

'rin»  \viil(»r  aiul  di»c|H»r  valleys  of  the  region  have  very  generally 
Im'cii  dc<»ply  lillcd  l)y  drift.  The  complicated  structure  of  this  fill- 
ing, whii'h  fiHMjiicntly  includes  alternating  beds  of  clay,  gravel,  and 
san<l,  affords  in  sonic  localities  artesian-water  conditions.  It  prob- 
ably inclihlcs  in  all  casc»s  saml  or  gravel  beds  between  more  or  le*s 
ini[)crvious  UmIs  of  clay.  These*  I'oaive  l)eds  are  doubtless  connected 
hy  inon*  or  l(»ss  continuous  deposits  of  water-bearing  materials  reach- 
ing <lia«ronally  acn)ss  or  rising  U'twwn  the  imix'rvious  beds  and  con- 
necting with  the  alluvial  fans  in  front  of  the  mouths  of  streams 
des(M»n<lin^  t«)  the  valleys  from  the  hills.  A  continuous  waterway  is 
thus  formed  fioiu  the  p-avel  fans,  which  al>sorl)s  all  of  the  water  at 
the  mouths  of  nuiny  small  stivams,  except  in  times  of  flood,  to  the 
buried  sh<'ets  of  saud  and  gravel. 

Ithitcii  ir,ffs.---T\w  most  imj)ortant  of  these  artesian-water  areas 
is  that  of  the  Ithaca  delta  at  Ithaca,  which  is  partly  in  the  Dryden 
and  partly  in  tlu'  Ithaca  (juadran^le.  Well  records  show  the  niaxi- 
nnuu  thi<'kne>s  of  the  drift  lillin^  here  to  l>e  400  feet.  A  large  num- 
ber of  wells  at  Ithaca  have  secured  artesian  water  at  depths  of  from 
To  to  KM)  feet.  The  wells  which  atford  large  flows,  however,  all  go 
deeper  than  this. 

More  than  a  dozen  well>,  a  majority  of  which  have  l)een  successful. 
liave  l)eeu  >nnk  ju>l  >oiith  of  the  city  of  Ithaca  for  the  pur|X)S<^  of 
seruriu^r  arloian  water  for  the  city,  wliieh  it  is  purj)osed  to  supply  en- 
tii*ely  fi'oni  this  source.  The  lirst  of  the  series  was  estimated  to  yield  a 
daily  flow  of  aljoiit  :WM),(M)()  ofallons.  The  records  of  thesi»  wells* 
show,  lirst.  a  bed  of  line-drained  massive  clay  40  to  00  feet  thick. 
Coarse  water-l)earin<r  beds  of  sand  and  gravel  follow  the  clay  to  a 
depth  of  r.o  to  liiO  fe(»t.  These  are  undei'lain  1)V  a  second  chw  series 
ex(en<lin^  to  a  de])th  of  from  'JOO  to  'JsO  feet.  Helow  these  in  every 
well  are  fouinl  <-oarse-textured  beds,  incbidin<r  some  sand  and  gravel. 
These  are  the  j)rincipal  water-bearing  beds  and  vary  in  texture  from 
coarse  ornivels  to  line  "  (|uicksand,"  which  last  is  sometimes  forced 
by  tile  water  under  j)ressure  into  the  j)ij)(»s  in  siiHicient  quantity  to 
stoj)  the  flow.     The  lar^jfcst  flow  is  obtained  from  the  coarst*  gravels. 

According  to  Professor  Tarr,  the  ori<rin  of  the  artesian  water  at 
Ithaca  is,  in  the  case  of  the  upj)er  water-bearin<r  horizon,  "  the  allu- 
vial fans  opj)osite  the  mouths  of  the  streams  that  descend  to  the 
Ithaca  delta."''     The  water  found  in  the  deej)er  sands  and  gravel  is 
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believed  to  originate  m  ^^the  moraine  which  occupies  the  Cayuga 
Valley  from  the  divide  nearly  to  the  well  sites,  a  distance  of  over  11 
miles.'' • 

SlaterviUe  Springs  wells. — ^A  number  of  flowing  wells  are  located 
in  the  broad  valley  of  Sixmile  Creek,  in  the  vicinity  of  Slaterville 
Springs.  These  usually  reach  the  artesian-water  horizon  in  a  bed  of 
sand  or  gravel  at  from  44  to  74  feet  below  the  surface.  The  flow  is 
small,  usually  not  exceeding  5  gallons  per  minute.  Much  of  the  water 
is  mildly  chalybeate  in  character  and  carries  small  quantities  of  cal- 
cium carbonate,  magnesium,  sodium,  and  potassium.  It  is  consid- 
ered to  have  medicinal  value,  and  the  village  has  become  a  popular 
siunmer  resort  on  account  of  it.  A  successful  attempt  was  made 
at  the  creamery  to  secure  water  free  from  the  mineral  properties 
characterizing  many  of  the  wells.  Two  wells,  respectively  110  feet 
and  76  feet  deep,  secured  flowing  water  in  sand  free  from  mineral 
constituents. 

Other  artesian  wells. — Other  localities  at  which  flowing  wells  occur 
in  this  region  are  as  follows:  One  mile  west  of  Brookton  on  the 
land  of  D.  C.  Hanford,  at  Newark  Valley  on  the  property  of  Jabez 
Smith,  and  just  north  of  Tioga  Center. 

MINERAL  SPRINGS. 

Several  springs  whose  waters  contain  sulphur  or  other  minerals 
occur  within  this  region.  The  following  list  includes  those  which 
have  been  visited  by  the  writer,  but  is  probably  incomplete: 

Dryden. — ^West  of  Dryden  one-half  mile  a  chalybeate  and  a  sul- 
phur spring  are  located  within  a  few  fe«t  of  each  other.  A  summer 
hotel  has  been  located  near  the  springs  for  many  years.  The  sulphur 
spring  has  a  strong  sulphurous  taste  and  is  favorably  known  for  its 
medicinal  propertie^s. 

Speedsville. — A  sulphur  spring  is  located  about  1  mile  northeast  of 
Speedsville  on  the  east  side  of  Owego  Creek  Valley.  The  water  is 
used  for  stock. 

Nanticoke. — Nanticoke  spring  is  located  1  mile  south  of  the  village 
of  Nanticoke  in  a  small  valley  running  northwest  from  Nanticoke 
Creek.  The  spring  apparently  rises  through  the  drift,  but  the 
proximity  of  lx?d  rock  is  shown  by  an  outcrop  of  sandstone  and  shale 
a  few  yards  away.  The  water  tastes  rather  strongly  of  sulphur  and 
coats  the  sides  of  the  spring  with  a  white  deposit  of  that  substance. 
The  water  is  used  for  domestic  purposes. 

Spencer. — ^Two  springs  known  as  Spencer  Springs  are  located  in  a 
small  valley  3  miles  northeast  of  Spencer.    They  occur  in  a  seepage 

•  Jour.  Geol.,  voL  12,  1004,  p.  82. 


66  HTDBOIiOGT  OF  HASnUT   tJlllTElV  STATED,    IfiOS.         (m,  l«L  1 

area  of  60  or  70  square  yards  in  tlic  lK>tloni  uf  the  vattffy.  Tlin* 
separate  springs  have  been  developiHl  mn\  u\vU*Hml  in  fins  st^i'jnp 
zone,  two  of  which  furnish  strong  >4ul]>Iuii*  w^ier.  whteh  r-ouu  tbf 
channel  leading  from  them  with  whitv  sulphur:  tlu^  thtrc!  has  &  im 
mild  mineral  taste,  with  little  or  no  siilphiin  Tlie  plac-e  wh^  furuMTlv 
the  site  of  a  summer  hotel,  which  wa^  buritecl  a  fi»w  yeai^*  n^o. 

HdUey  Valley. — A  sulphur  sprinf^  is  Uk-mMmI  ^  mih^s  ^^itithca^r  i^f 
Halsey  Valley  on  the  west  fork  of  Pi|>e  C'n^t^k,  issuing  from  t\w  ^bj* 
of  a  steep  hill  about  100  feet  above  the  vulley.  Tlicri'  is  a  ecMihiilcr 
able  flow  of  water,  which  is  used  for  ^ioek.  'T\ii%  in  tht*  i>iily  tntiu^t^l 
spring  in  the  region  that  is  located  considerably  ubovo  the  bottaai  iif 
the  valley  in  which  it  is  found. 

Glen  Cairn. — South  of  Glen  Cairn  1^  miles  and  aboofc  4|  nuks 
northeast  of  Waverly  a  sulphur  spring  occurs  in  a  small  bnmch  of 
EIHk  Creek  Valley.  The  spring  is  located  very  near  an  outcrop 
of  lH>d  rock,  from  which  it  is  probably  derived.  The  flow  is  latger 
than  that  of  most  of  the  mineral  springs,  and  contains  considflnbie 
sulphur,  which  coats  the  sides  of  the  spring.  It  is  used  for  stock  and 
domestic  purposes. 

Oweyo  Creek. — ^Three  miles  south  of  the  mouth  of  Owego  Credc 
and  near  the  head  of  Smith  Creek  there  is  a  sulphur  spring,  which 
has  a  mildly  sulphurous  taste.    The.  small  flow  is  used  for  stock. 

Source  of  the  Mprinr/H. — None  of  the  mineral  springs  afford  a  large 
volume  of  water,  the  flow  probably  in  no  case  exceeding  5  gallons 
jK^r  minute.  All  reach  the  surfiiet»  through  glacial  deposits,  but  it 
apj>ears  probable  that  the  sulphur  s[)riiip^  derive  their  waters  from 
the  eousolidated  rock  below  the  drift,  possibly  the  Genesee^  This 
opinion  is  based  upon  the  follo\vin<r  eonsiderations :  (1)  Sulphur 
waters  are  derived  from  tlie  decomposition  of  mineral  sulphides,  very 
fn»(iuently  from  j)yrit(»s;  ('2)  there  is  a  comi>aratively  small  amount 
of  such  minerals  in  the  drift  and  a  relative  abundance  of  them  in  the 
(irenescH*  and  other  ui)iK?r  I)(»vonian  rocks:  (J^)  the  Genesee  and 
Porta<re  are  cut  by  well-develoj)ed  systems  of  joints,  which  permit 
surface  waters  to  penetrate  and  traverse*  them;  (4)  the  general  south- 
erly inclination  of  the  IhhI  rock  would  cause  waters  traversing  them  to 
rise  to  the  surface  when  the  joint  conditions  were  favorable;  (5)  just 
north  of  this  region  strong  sulphur  springs  escape  from  the  joints  in 
the  (lenesee  at  points  where  the  formation  is  exposed  in  post-Glacial 
gorges. 

STREAMS. 

The  streams  of  this  region  derive  their  waters  throughout  the 
greater  part  of  the  year  principally  from  s(»epage  and  from  the 
springs  in  the  assorted  glacial  material  and  till.    A  fairly  uniform 
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supply  is  maintained,'therefore,  during  the  months  of  least  rainfftll, 
of  water  of  excellent  quality  and  purity  when  protected  from  barn- 
yard contamination. 

The  streams  furnish  the  principal  source  of  water  supply  for  the 
villages  and  cities  within  the  area.  The  water  supply  for  the  Cor- 
nell University  campus  is  derived  from  Fall  Creek.  The  city  of 
Ithaca  derives  the  greater  part  of  its  water  supply  from  Sixmile 
Creek. 

A  number  of  streams  with  moderate  gradient  have  been  utilized  to 
furnish  water  power  for  sawmills  and  gristmills.  Water  power  is 
thus  used  at  Brookton,  Marathon,  Newark  Valley,  Owego,  Candor, 
and  other  points.  Streams  possessing  both  a  very  high  gradient  and 
a  considerable  volume  of  water  are  confined  to  the  northwest  corner 
of  the  region  and  are  two  in  number — Cascadilla  and  Fall  creeks. 
Both  streams  have  a  fall  of  aljout  400  feet  in  1  mile  at  Ithaca,  but  the 
latter  is  the  larger  and  more  important  stream.  It  supplies  power 
for  three  or  four  mills  and  factories  and  for  the  Sibley  shops  and 
hydraulic  laboratory  of  Cornell  University. 


WATER  RESOURCES  OF  THE  PAWPAW  AND  HANCOCK.  QUAD- 
RANGLES, WEST  VIRGINIA,  MARYLAND,  AND 
PENNSYLVANIA. 


By  Gborgb  W.  Stobs  and  Oborgb  CS.  Masixk. 


OENBRAIi  COITDITIONS. 

Potomac  River  divides  the  Pawpaw  and  Hancock  qiiadnui|^ 
into  two  almost  equal  parts,  the  portion  north  of  the  river  lying  in 
Maryland  and  Pennsylvania  and  that  south  of  it  in  West  Vliginia. 
The  river  here  is  about  a  quarter  of  a  mile  wide,  and  in  moat  plaoeB  is 
too  deep  to  be  forded.  Tlie  only  wagon  bridge  within  the  area  is  afe 
Hancock,  Md.,  and  the  only  existing  railroad  bridges  at  CSieRy 
Run,  but  the  Western  Maryland  Railroad  is  now  constructing  firar 
bridges  for  its  new  extension  to  Cumberland  in  the  vicinity  of  Paw- 
paw. The  only  ferry  within  the  area  is  at  Cherry  Run*.  At  Great 
Cacapon,  W.  Va.,  the  river  is  dammed  to  a  height  of  about  15  feet  to 
furnish  water  for  a  feeder  to  the  Chesapeake  and  Ohio  Canal  on  the 
Maryland  side.  A  gristmill  at  Great  Cacapon  formerly  obtained 
power  from  the  same  source.  Pollution  of  the  river  is  not  excessive 
in  this  area,  as  there  are  few  large  towns  or  factories  along  the  banks. 

TOPOGRAPHY. 

The  area  is  essentially  a  hilly  region,  crossed  by  prominent  ridges 
and  mountains  having  a  northeast  trend,  which  are  part  of  the 
Appalachian  Valley  system.  The  maximum  elevation  attained  is 
2,260  feet,  in  Cacapon  Mountain.  Sideling  Hill,  Town  Hill,  Sleepy 
Creek  Mountain,  and  Third  Hill  Mountain  are  other  prominent 
ridges,  from  1,700  to  2,000  feet  in  altitude.  The  intervening  areas 
are  of  a  plateau  character,  deeply  dissected  by  numerous  streams. 
The  valleys  are  narrow  and  steep  and  in  general  have  a  northeast- 
southwest  course.  The  remnants  of  the  plateau,  the  surface  of  which 
ranges  in  elevation  from  700  to  1,000  feet,  form  narrow,  flat-topped 
ridges,  parallel  to  the  longitudinal  streams. 
68 
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The  rocks  are  all  sedimentary,  and  range  in  age  from  Ordo- 
vician  to  Carboniferous.  They  are  closely  folded  in  a  northwest- 
southeast  direction,  and  the  truncated,  steeply  inclined  beds,  trend- 
ing northeast  and  southwest,  cross  the  entire  quadrangle  and  con- 
trol the  development  of  mountains  and  valleys  in  this  direction. 
Cacapon  Mountain  is  composed  of  Silurian  .  (Medina)  quartzite, 
brought  up  by  a  bold  anticline,  while  Sideling  Hill,  Town  Hill, 
Sleepy  Creek  Mountain,  and  Third  Hill  Mountain  are  composed  of 
Carboniferous  sandstones  infolded  in  synclines.  The  minor  ridges 
are  mostly  monoclinal,  composed  of  thinner  siliceous  formations  in 
the  Silurian  and  Devonian  shales  and  limestones,  on  the  upturned 
edges  of  which  the  plateau  has  been  carved. 

WATER  RIISOUBCES. 

STREAMS. 

The  chief  tributary  streams  are  Great  Cacapon  River,  Little  Caca- 
pon River,  Sleepy  Creek,  and  Back  Creek,  on  the  West  Virginia 
side  of  the  Potomac,  and  Licking,  Tonoloway,  Sideling  Hill,  and  Fif- 
teenmile  creieks^  on  the  Maryland-Pennsylvania  side.  These  streams, 
have  a  large  flow  of  water,  and  the  fords  are  deep,  even  at  low  stage. 
The  water  is  clear  and  in  general  unpolluted.  Many  of  the  smaller 
streams  also  have  a  considerable  flow  of  clear  water  suitable  for 
water  supply  or  for  power.  The  water  power  of  these  streams  is 
undeveloped,  with  the  exception  of  that  utilized  by  a  few  gristmills. 
An  electric  power  and  light  plant  of  considerable  magnitude,  how- 
ever, is  at  present  under  construction  near  the  mouth  of  Great 
Cacapon  River.  Althougli  deeply  incised  in  the  topography,  this 
river  has,  in  places,  a  very  sinuous  course,  and  1^  miles  southeast 
of  the  town  of  (in»at  Cacapon  makes  an  unusually  long  detour  of 
If  miles,  whereas  the  direct  distance  across  the  neck  is  less  than 
one-fourth  mile.  A  rock  tininel  14  fet»t  wide,  10  feet  high,  and  234 
feet  long  has  been  cut  through  tliis  neck,  and  a  dam  15  feet  high  and 
12  feet  base  has  been  built  at  the  entrance.  A  fall  of  18  feet  is  thus 
obtained,  and  it  is  estimated  by  the  company  that  there  is  sufficient 
water,  even  at  low  stage,  to  furnish  750  horsepower.  A  direct- 
acting  turbine  of  (JOO-kilowatt  capacity  is  being  installed.  Wires 
have  been  strung  to  the  towns  of  Great  Cacapon  and  Berkeley  Springs, 
which  are  to  be  lighted  by  electricity,  and  in  time  power  and  light 
will  l>e  furnished  to  all  surrounding  villages  as  far  as  Hancock. 
The  plant  is  to  be  in  operation  early  in  1905.  The  power  thus  made 
available  at  small  cost  will  no  doubt  attract  new  industries  to  this 
sparsely  settled  portion  of  West  Virginia. 
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Small  springs  are  frequent  where  sandy  strata  or  lime^^otie  are 
expeeed,  but  large  springs  are  not  common  in  this  area.  One  spring 
worthy  of  note  is  at  Ziler  Ford,  W.  Va*,  near  the  soiitheni  aitd  i^t 
the  Pawpaw  quadrangle.  A  stream  of  such  siae  is^^ue^  from  h:- 
neath  a  ledge  of  upturned  limestone  that  it  was  formerly  mseA  to 
nm  a  gristmill.  It  is  now  abandoned,  however,  atui  thr^  niill  has 
fallen  into  decay.  Another  important  spring  is  at  InfliHn  Spriiisrs 
Md.,  in  the  eastern  part  of  the  Handock  quadrangle,  whrae  a  smill 
but  attractive  hotel  entertains  many  summer  guestSi 

BEBKELEY   SFUHOS. 

The  most  noted  springs  in  the  region  are  at  Berkeley  Springs, 
W.  Va.,  formerly  called  Bath,  in  the  western  part  of  the  HanooGk 
quadrangle.  They  issue  from  the  foot  of  a  monodinal  ridgB  of 
steeply  inclined  sandstone  (Oriskany),  at  the  contact  with  overlyiqg 
impervious  shale  (Marcellus). 

History. — ^These  springs  have  been  resorted  to  for  their  health- 
giving  properties  for  many  years,  and  the  names  of  Waahington, 
Fairfax,  and  others  dating  back  into  the  ei|^teenth  centaiy  aie 
closely  associated  with  them.  The  road  leading  from  Washington 
to  the  springs  is  known  throughout  this  part  of  the  countcy  as  the 
AVarm  Spring  or  Sir  John  Road.  The  following  is  an  extract  from 
Burke's  Virginia  Mineral  Springs,  1853 : 

Those  sprini^s  wore  the  first  known,  as,  iissureiUy,  they  are  among  the  most 
iniiM>rtant  of  the  mineral  waters  of  Virginia.  Tliey  were  frequented  before  the 
Kevolntion  and  visited  l)y  Washington  and  other  distinguished  personages,  who 
had  i-ottagos  enn'tHl  for  their  own  aot*onnnodation.  The  proi)erty  of  these 
springs  was  originally  vested  in  Thomas  Lord  Fairfax,  who  made  a  grant  of  a 
few  acres  of  land  and  the  water  privileg(*s  to  the  State,  reserving  to  his  own  use 
one  spring,  still  known  as  *'  Lord  Fairfax's  Spring,"  and  thereon  obtained  a 
charter  for  laying  off  TA)  acres  as  the  site  of  a  town,  which  was  aeeordingly  laid 
off  and  partially  built  u\x)n.  The  State  grounds  and  water  priviieges  were 
vested  in  a  body  of  trustees,  whose  successors  continue  to  govern  and  control 
them. 

The  setting  aside  of  this  park  as  a  State  reservation  is  described  by 
J.  J.  Moorman  ^  as  follows : 

The  importance  of  this  property  was  appreciate<l  by  the  country  at  a  very 
early  i>eriod,  for  In  October,  1776,  in  the  first  year  of  the  Commonwealth,  we 
find  the  following  in  the  statute  book  of  Virginia : 

"  Whereas  it  hath  been  represented  to  the  general  asseml)ly  that  the  laying  off 
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>f  50  acres  of  land  in  lots  and  streets  for  a  town  at  the  Wami  Springs,  in  tlie 
t)uuty  of  Berlceley,  will  be  of  great  utility,  by  encouraging  the  purchasers 
hereof  to  build  convenient  houses  for  accommodating  numbers  of  Inflrm  persons 
rho  frequent  those  springs  yearly  for  the  recovery  of  their  health : 

•*  Be  it  therefore  enacted  by  the  general  assembly  of  the  Commonwealth  of 
'irslnla  that  50  acres  of  land  adjoining  the  said  springs,  being  part  of  a  larger 
ract  of  land,  the  pror^erty  of  the  Right  Hon.  Thomas  Lord  Fairfax,  or 
ther  person  or  persons  holding  the  same  l)y  a  grant  or  conveyance  from  hlni,  be, 
nd  the  same  is  hereby,  inv«rted  in  Bryan  Fairfax.  Thomas  Bryan  Mastin,  War- 
er  Washington.  Rev.  CJharles  M.  Thurston,  Robert  Rutherford.  Thomas  Ruther- 
ord,  Alexander  W^hite.  Philip  Pendleton,  Samuel  Washington.  William  Ellzey, 
'an  Swearengen.  Thomas .  HIte,  James  Kdmunson.  .Tames  Nourse,  gentlemen 
nistees,  to  be  by  them,  or  any  seven  of  them,  laid  out  in  lots  of  one-quarter  of 
n  acre  each,  with  convenient  streets,  wlilch  shall  be,  and  the  same  are  hereby, 
Htablished  a  town  by  the  name  of  Bath,"  etc.     (Heulng's  Statutes  at  Large.) 

The  town  was  conse^iuently  laid  off  Into  lots  In  August,  1777.  Among  the  pur- 
hasers  were  Charles  Carroll  of  Carroll  ton,  Uoratio  Gates,  (»en.  (ioorge  Wash- 
ngrton,  and  many  others  of  note  and  distinction. 

Berkeley  Springs  is  now  a  fashionable  watering  place,  and  many 
if  the  best  families  in  the  East  have  handsome  summer  residences 
here.  A  beautiful  park  of  several  acres  surrounds  the  springs,  in 
vhich  are  located  the  bath  houses  and  offices  of  the  company  control- 
ing  the  property.  Formerly  a  spacious  hotel  faced  this  plaza,  but  it 
ras  burned  down,  and  another  has  had  a  similar  fate,  so  there  remains 
ait  one  hotel,  too  small  to  accommodate  the  health  and  rest  seekers 
luring  the  summer  season.  Another  large  hotel  adjoining  the  park 
s  much  needed  to  restore  this  resort  to  the  place  it  formerly  held  as 
ne  of  the  leading  watering  places  in  the  East. 

Chai'drter  of  Berkeley  Springs, — The  AVarni  Spring  ridge  is  com- 
)Osed  of  white  porous  stmdstone,  which  (Tops  conspicuously  on  its 
astern  face,  dipping  down  the  slope  at  about  .^O"^.  The  black  shale 
verlying  the  sandstone  is  exposed  on  the  flanks  of  the  ridge  at  many 
>laces.  At  the  springs,  however,  the  steep  sandstone  slope  descends 
0  the  valley  bottom  so  that  the  shale  doc^s  not  appear.  Th(»  principal 
prings  are  four  in  number,  but  in  reality  the  water  seeps  out  con- 
inuously  over  a  space  of  100  yards.  Thesi*  four  springs  have  Iwen 
nclosed  by  stone  walls,  within  which  the  sparkling  water  bubbles  up 
lirough  the  white  sand  and  gravel  at  the  bottom.  From  these  inclos- 
res  the  water  is  piped  into  the  bath  houses.  There  are  two  large 
wimming  pools,  through  which  the  water  flows  constantly  at  its 
atural  temperature,  and  although  these  ])()ols  are  4^  feet  deep,  the 
smarkable  purity  of  the  water  nuikes  them  appear  very  shallow.  A 
ewcomer  always  hesitates  to  dive  into  the  pool  for  fear  of  striking  the 
*ment  bottom.  There  are  also  a  large  number  of  tubs  and  small  pool 
aths  3  feet  by  6  feet  in  cross  section  and  4  to  5  feet  deej),  where  the 
ater  is  heated  to  any  desired  temperature  by  the  injection  of  steam. 
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An  analysis  of  the  water,  made  for  tlii'  mmpany  by  J.  H.  I>iefc 
chemist,  Pittsburg,  Pa*,  aiid  publi^ied  in  an  ftdvertinin^  leaflptj  m\ 
follows: 

Anmlp9i9  of  fTdlrr  a  I  Hf^kriru  l$prinif»,  W,   Tti. 

CitmlJw  p0r  gaAM 

Iron , ,-^^_^^^^.^,^^^^ _ . (Li 

Carbonate  of  lime ^ ^« , -^... — ^^••^.^^^ Oil 

Carbonate  of  maanesia.... . _^ , _.    ^ .,- .^^, ._-._,-  t» -  %i 

Salphate  of  lime . » ..^ ^«-- ---!*-:_^^^ LI 

Chloride  of  sodium . _**__. 

SlUdc  add ^. ...^ . _.^ 

Total  residue ^.-«„^ „ .„*^ lH 

Since  the  United  Statf^s  ^llon  <xin tains  58,37!^  grains^  the 
centage  of  mineral  matter  in  th<*  wiit«*r  is  smalK  The  giis  €x*eTirriE 
in  the  spring  water  has  Ihh^^h  deU'riniiitHl  by  W,  B*  Rogiii*s«  to 
chiefly  nitrogen,  with  a  smull  amount  nf  oxygen  and  carbonic  ntii 
The  water  is  regarded  as  bLJiiolicial,  botli  ;^-  w  ^rvrrittf/  find  fwj-  baLb^ 
ing,  being  especially  recommended  for  iheimuitiaii  and  gout.  Its 
temperature  of  -78^  F.  makes  it  very  comfortaUe  for  aummer  bftthiiy, 
although  in  the  swimming  pools  it  loses  some  of  its  heat  fay  imdiatknu 
On  account  of  its  temperature  it  is  somewhat  insi|Hd  as  a  bevwaga 
when  taken  direct  from  the  spring,  and  seme  prete  to  kt  it  oool  or 
use  ice ;  but  one  soon  becomes  accustomed  to  dxinkiiig  it  and  relidwa 
it  for  its  purity  and  sparkle.  The  mineral  contento  are  not  snffident 
to  give  it  a  taste,  and  unless  taken  in  large  quantitiea  it  can  hardly 
be  classed  as  a  mineral  water.  Some  patients  drink  as  many  as 
thirty  glasses  a  day. 

Flow  of  Berkeley  Springs. — It  is  difficult  to  determine  the  amount 
of  flow  from  the  sprinp^,  since  the  water  is  diverted  to  many  channels, 
some  l)eing  supplied  direct  to  an  electric-light  plant  and  some  piped 
into  the  town.  A  rough  estimate  was  obtained  by  measuring  the 
stream  which  flows  away  from  the  springs  and  calculating  what  is 
otherwise  consumed.  The  flow  for  the  combined  springs  as  thus  de- 
termined is  1,500  gallons  per  minute.  In  William  Burke's  report, 
referred  to  above,  the  flow  is  stated  to  be  between  1,000  and  1,500  gal- 
lons per  minute.  This  copious  supply  of  crystal  pure  water  is  largely 
unconsumed  and,  except  in  the  process  of  washing  glass  sand  in  the 
factories  below  the  town,  is  unused,  whereas  millions  of  gajlons  could 
be  bottled  for  domestic  purposes  and  shipped  to  eastern  cities  at 
small  cost. 

Origin  of  Berkeley  Springs. — The  springs  undoubtedly  come  from 
the  sandstone  forming  the  Warm  Spring  ridge.  This  is  an  unusually 
pure  sandstone,  quarried  for  glass  sand  at  many  points ;  Vet  it  prob- 

*  Geology  of  the  Virginias,  p.  582. 
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ably  furnishes  the  small  quantity  of  minerals,  chiefly  carbonates  of 
lime  and  magnesia,  contained  in  the  water.  Since  there  is  no  indi- 
cation of  the  volcanic  or  chemical  origin  of  the  heat,  it  is  assumed 
that  the  waters  have  risen  from  a  considerable  depth,  where  the 
internal  heat  of  the  earth  is  sufficient  to  produce  the  tempera- 
ture. At  the  rate  of  increase  of  1^  for  each  50  or  60  feet  of  depth 
within  the  earth,  which  is  the  generally  accepted  average  deter- 
mined from  deep  mines  and  bore  holes,  the  depth  necessary  to 
heat  the  water  from  52°,  the  average  temperature  of  the  region,  to 
73**  would  be  between  1,000  and  1,300  feet.  It  is  considered,  there- 
fore, that  the  waters  circulating  through  the  sandstone  at  approx- 
imately this  depth,  unable  to  rise  through  the  overlying  impervious 
shale,  find  at  this  place  some  condition  in  the  sandstone  just  beneath 
the  shale  favorable  to  their  escape. 


WATER  RESOURCES  OF  THE  NICHOLAS  QUADRANGLE,  WEST 

VIRGINIA. 


By  Obosoe  H.  Abhlbt. 


liOCATION  AXD  GEKBRAIi  FSATUHRB. 

The  Nicholas  quadrangle  is  a  30-minute  quadrangle  with  an 
of  nearly  1,000  square  miles,  located  near  the  center  of  West  Vir- 
ginia, a  little  to  the  east  of  New  and  Kanawha  rivers.  It  is  within 
the  area  of  the  Allegheny  plateaus,  though  no  remnants  of  those  are 
to  be  recognized  within  its  boundaries.  The  elevations  range  from 
just  above  800  feet  on  Buffalo  Creek  to  nearly  4,400  fset  in  the 
southeast  comer.  The  region,  as  a  whole,  is  deeply  incised,  the  hills 
rising  from  500  to  1,000  feet  or  more  above  the  adjacent  streams. 
There  are  two  rather  distinct  types  of  topography  found  here.  The 
first  occurs  in  two  areas,  one  south  of  Gauley  River  and  the  other 
north  of  the  divide  between  (lauley  and  Elk  rivers.  In  these  areas 
the  streams  occupy  rehitively  narrow  valleys  l)etween  steep  I>anks, 
rising  to  rounded  divides.  As  a  rule,  the  valleys  are  too  narrow  to 
I)ay  for  cultivation,  and  nearly  all  of  the  farming  is  upon  the  tops 
or  upper  slop(»s  of  the  ridges,  so  that  the  roads  usually  follow  the 
divides  and  croSvS,  but  do  not  follow,  the  valleys.  The  second  type 
of  topography  is  found  between  (ifauley  River  and  the  divide  to  the 
waters  of  Elk  River.  Within  this  area  the  valleys  are  generally 
flat  and  broad  with  low  gradients,  separated  by  divides  that  are 
usually  narrow  and  irregular.  Here  farming  is  almost  entirely 
confined  to  the  broad,  flat  valleys.  The  difference  in  the  two  types 
of  topography  is  due  to  the  positions  of  certain  sandstone  strata  and 
the  accompanying  shale  beds. 

OUI^TIVATIOX. 

At  present  the  quadrangle  is  lacking  in  railway  facilities.  As  a 
result  there  exist  within  it  large  tracts  of  fine  timl)er,  w  hich  are  very 
sparsely  inhabited,  only  a  small  portion,  confined  almost  entirely  to 
the  ridges  in  the  southern  half  and  the  northeast  corner,  being  at 
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present  under  cultivation.  In  the  area  immediately  north  of  Gauley 
River  the  farms  are  in  the  valleys  or  on  the  hroad  benches.  At  the 
present  time  a  branch  of  the  Baltimore  and  Ohio  Railroad  extends 
into  the  area  to  Richwood,  and  there  are  prospects  that  in  the  near 
future  other  railroads  will  be  built  for  the  exploitation  primarily  of 
the  timber  and  later  of  the  coal. 

DRAINAGE. 

Gauley  River  crosses  the  quadrangle  in  almost  an  east-west  direc- 
tion near  its  center  and  drains  most  of  it.  The  drainage  of  the 
north  edge  is  to  Elk  River,  mainly  through  Birch  River  and  Buffalo 
Creek.  Meadow  River  is  the  main  tributary  of  the  Gauley  from 
the  south  in  the  western  part,  while  the  Cherry  and  the  Cranberry 
are  the  principal  tributaries  in  the  eastern  part  of  the  area.  The 
extreme  southwest  comer  drains  to  New  River.  As  a  rule,  the 
streams  have  a  rapid  fall  and  during  much  of  the  year  are  clear,  and 
at  the  present  time  (before  extensive  lumbering  has  been  under- 
taken) are  among  the  most  attractive  streams  in  the  Appalachian 
Mountains.  As  the  water  comes  entirely  from  sandstone  and  shale, 
it  is  what  is  conmionly  known  as  freestone,  or  soft  water. 

GBOIX>GT. 

The  rocks  of  this  quadrangle  belong  almost  entirely  to  the  Potta- 
ville  group  of  the  Pennsylvanian  series  of  the  Carboniferous.  The 
rocks  are  predominantly  sandstones  or  sandy  shales,  accompanied  by 
valuable  beds  of  coal  and  clay.  The  dip  is  nearly  uniform  from 
southeast  to  northwest,  ran^in^  from  almost  nothing  to  300  or  400 
feet  to  the  mile,  with  an  average  of  from  100  to  200  feet. 

WATKR  UKSOUUCKS. 

Water  for  domrsfir  purposes, — At  present  wells  are  mainly  de- 
pended upon  for  drinking  water  and  other  donie.stic  purpose^s.  Over 
a  large  part  of  tlie  area  th(»  houses  upon  the  ridges  depend  upon  wells 
rather  than  upon  springs  because  of  the  neeessary  distance  down  to 
the  latter.  Such  wells  are  usually  not  deep  and  get  but  a  variable 
supply.  In  very  dry  weather  they  tend  to  give  out,  and  recoui'se  is 
had  to  the  springs  down  the  sh)pes  of  the  hills.  In  the  flat  valleys 
and  on  the  broad  benches  north  of  (Jaulev  River  wells  are  also  de- 
pended upon.  SunnnersviHe.  the  county  seat  of  Nicholas  County, 
and  until  a  few  years  ago  the  largest  village  within  the  area,  depends 
entirely  upon  wells.  Kichwood,  which  has  recently  sprung  up  on  the 
branch  of  the  Baltimore  and  Ohio  Railroad,  is  supplied  from  several 
deep  driven  wells  and  has  a  waterworks  system.     Farms  which  are 
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on  the  slopes  of  the  hills  or  in  the  narrow  valleys  noatli  of  the  Gauley 
usually  depend  upon  springs.  No  large  springs  wen  noted  in  this 
area,  but  small  springs  are  abundant,  especially  at  the  horiaons  of 
certain  of  the  coals.  One  coal,  known  as  the  *^  Gauley,**  which  is 
found  at  or  near  the  horizon  of  the  well-known  Sewell  coal  on  New 
River,  is  a  notable  spring  horizon.  From  the  almost  oniform  dip 
of  the  rocks  it  would  seem  that  this  area  offers  unusual  opportunity 
for  developing  artesian  wells. 

Water  power. — ^The  large  percentage  of  the  ground  that  is  covered 
with  standing  timber  tends  to  render  the  streams  fairly  constant  in 
volume.  Most 'of  them  have  a  small  flow  all  through  the  summer, 
even  in  extremely  dry  weadier.  On  account  of  the  narrowness  of 
most  of  the  valleys  the  latter  are  of  very  limited  value  tor  fanning 
purposes,  and  the  dip  of  the  rocks  carries  many  hard  cliff-making 
sandstones  down  to  water  level  along  many  of  these  valleys,  rendra^ 
ing  possible  the  construction  of  large  power  dams  at  relatively  small 
cost.  Probably  a  large  percentage  of  the  streams  could  be  dammed 
at  some  point  so  as  to  yield  a  fair  amount  of  power,  which  coold  be 
transmitted  electrically  to  some  manufacturing  cmter. 

In  many  cases  where  the  streams  cross  the  sandstones  falls  or 
rapids  are  produced,  among  which  may  be  mentioned  the  falls  of 
Hominy  and  Grassy  creeks,  each  of  which  is  about '90  feet  hig^. 
North  of  Gauley  River  the  streams  cross  a  sandstone  which  lies  just 
below  the  level  of  the  flat  bottom  lands  and  then  cut  throu|^  a  com- 
paratively deep  gorge  to  the  Gauley.  Most  of  these  streams  present 
opportunities  for  water  storage  and  power. 


WATER  RESOURCES  OF  THE  MINERAL  POINT  QUADRANGLE, 

WISCONSIN. 


By  U.  S.  Grant. 


IX)CATION  AND  OKNSRAIi  RESOIJKCBS. 

The  Mineral  Point  quadrangle  is  situated  in  the  southwestern  part 
of  Wisconsin,  with  its  southern  edge  extending  less  than  one-half 
mile  into  Illinois.  It  comprises  considerable  parts  of  Iowa  and  La- 
fayette counties  and  the  eastern  portion  of  Grant  County,  in  Wiscon- 
sin, also  a  narrow  strip  along  the  northern  border  of  Jo  Daviess 
County,  HI.  The  quadrangle  is  bounded  by  west  longitude  90^  and 
90^  3(K  and  by  north  latitude  42^  3(K  and  43°,  and  contains,  approxi- 
mately, 878  square  miles. 

The  district  is  one  which  was  settled  early  in  the  history  of  Wiscon- 
sin, and  is  a  rich  agricultural  region.  The  chief  farm  products  are 
hay,  corn,  oats,  cattle,  butter,  and  cheese.  There  are  small  manufac- 
turing establishments  at  a  number  of  ix)ints,  and  at  the  town  of 
Mineral  Point  large  quantities  of  sulphuric  acid  and  zinc  oxide  are 
produced. 

The  district  is  in  the  heart  of  the  upper  Mississippi ^Val ley  lead  and 
Tiinc  region,  and  has  for  sevcMity-five  years  Ikh^u  known  as  a  producer 
of  lead  and  zinc*  on^s.  During  recent  years  this  production  has  de- 
<Teased,  but  in  the  past  two  or  thnu*  years  the  production  of  zinc  ore 
has  advanced  markedly.  This  is  due  to  the  mining  of  Ixxlies  of  zinc 
sulphide  which  exist  Inflow  tin*  level  of  ground  water,  a  horizon  lx»low 
which  much  of  the  early  mining  did  not  extend.  The  prospects  are 
that  the  future  will  se(»  a  more  c^xtensive  development  of  this  mining 
industry  and  that  the  district  will  continue  to  1h»  an  important  area 
for  l)oth  metals. 

The  principal  towns  are  Platteville,  Mineral  Point,  Dodgeville, 
Darlington,  and  ShuUshurg.  The  district  is  reached  by  branch  lines 
of  the  Chicago  and  Northw(»stern  Railway,  the  (Chicago,  Milwaukee 
and  St.  Paul  Railway,  and  the  Illinois  Central  Railway. 
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TOlHHiKAPllY. 

Tho  Mineral  Point  qnadranfrle  is  situated  within  tho  driftless  area 
of  upper  Mississippi  Valley,  a  re^on  which  was  not  crossed  by  the 
invasions  of  the  Pleistocene  ice  shwts,  and  consequently  lacks  those 
peculiar  details  of  topography  which  an^  so  conunon  in  the  surround- 
ing glaciat(Ml  areas.  Thus  there  are  none  of  the  minor  irrt^gularities 
due  to  drift  deposits,  nor  are  then>  lakes  or  swampy  areas  except 
locally  along  the  fl(M)d  plains  of  some  of  the  larger  stn^ams,  and  the 
ilrainage  features  are  well  develojH»d  and  systxMuatized.  In  fact,  the 
whole*  topography  is  that  pnxluced  hy  subaerial  erosion  acting  on 
strata  nearly  horizontal  in  position  and  of  rather  uniform  degrees 
of  resistance. 

The  most  noticeable  topogi-aphic  feature  of  the  district  is  the  flat- 
ness of  the  uplands,  for  from  any  of  the  stream  divides  in  the  district 
the  ey(»  passi»s  over  an  apparently  even  stivtch  of  land.  In  this  plain 
the  streams  have  cut  marked  valleys,  the  main  ones  of  which  lie  200 
fei^t  or  more  below  the  main  level.  These  valleys  are  wide  and  flat- 
bottome<l,  even  when  very  small,  and  the  district  is  topogniphic^illy 
mature*,  it  has  Ikhmi  estimated  that  about  one-half  of  the  cubic  c^on- 
tents  of  th(»  land  for  WO  f(H»t  below  the  surface  of  the  plain  has  been 
carried  away  by  stivam  erosion.  Al>ove  this  level,  which  is  of  the 
nature  of  a  pen(»plain  formed  probably  in  Tertiary  time,  rise  two 
groups  of  isolated  mounds  or  monadnocks,  one  group  (the  Platte 
momuls)  lying  T)  miles  northeast  of  Platteville  and  the  other  south  of 
ShullsJMirg. 

Aside  from  the  luounds,  (lie  liighest  of  which  rises  1,480  feet  above 
tiic  sea,  the  most  elevated  poiut^^  of  tlie  j)laiii  aiv  near  the  north  side 
of  tlie  (|iia(lraiigle  along  what  is  known  as  the  Military  Kidge,  where 
the  altitnde  averages  close  to  l.'JOO  fe(»l  above  sea  level.  To  the  north 
of  this  ridge  the  streams  (lesciMul  lapidly,  and  the  land  less  rapidly, 
to  Wisconsin  I\iver,  which  is  ontsidt*  of  th(»  honridary  of  the  quad- 
rangle. To  the  sonth  the  |)lain  slopes  gradnally  toward  th(»  south- 
s()nthw(»st,  the  low(»st  point  being  near  tlu*  sonthwest  corner  of  the* 
(jmidrangle.  or  abont  \K){)  feet  above  sea  level.  Th(»  lowest  point  in  the 
valleys-  <)()()  feet  above  tide -is  along  FeNci-  Uixcr.  where  it  cross(»s 
the  southei'ii  bonndary  of  th(»  (piadrangle.  The  ditference  between 
the  extremes  in  elevation  in  the  (juadi-angle  is  TTO  fe(*t. 

The  disti'ict  is  underlain  by  rocks  of  early  Paleozoic  age,  which  dip 
at  very  low  angles  toward  the  sonth-southwest,  but  in  some  places 
hav(»  been  thrown  into  gentle  folds  whose  axes  have  a  gencM'al  (»ast- 
west  direction  and  whose  south  limbs  are  long  and  gently  sloping. 
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while  their  north  limbs  are  short  and  steeper.  The  formations  rep- 
resented in  the  district  are  shown  in  the  following  table,  in  which  the 
approximate  average  thickness  of  each  is  given : 

Ideal  section  in  Mineral  Point  quadrangle. 

Feet. 

Quaternary Loeasand  soil 7 

Silurian Niagara  limestone 60 

Maqno'ceta  shale ICO 

Galena  limestone 880 

Ordovician . . .    ^  Platteville  limestone 55 

St.  Peter  sandstone 70 

Lower  Magnesian  limestone 000 

Cambrian Potsdam  sandstone 700 

The  Potsdam  sandstone  does  not  outcrop  within  the  area  of  the 
quadrangle,  but  is  regarded  as  present  beneath  the  I^wer  Magnesian 
limestone  over  the  entire  district.  The  Lower  Magnesian  limestone 
consists  of  a  lower  main  body  of  massive  dolomite,  above  which  is  a 
sandstone  layer  which  is  usually  overlain  by  another  dolomite.  The 
outcrops  of  the  Lower  Magnesian  in  this  quadrangle  are  confined  to 
the  bottoms  of  some  of  the  valleys,  where  it  emerges  irregularly  from 
beneath  the  overlying  St.  Peter  sandstone.  The  St.  Peter  sandstone 
is  usually  a  poorly  cemented,  comparatively  pure  quartz  sandstone. 
It  varies  considerably  in  thickness  and  its  outcrops  are  confined  to 
the  valleys.  The  Platteville  (or  Trenton)  limestone  is,  except  for 
its  lower  part  (which  is  magnesian),  a  true  limestone,  which,  for  this 
reason  and  also  bi*caus(»  it  conimonly  (K*curs  in  IkmIs  of  only  a  few 
inches  in  thickness,  is  readily  distinguished  from  the  other  limestone 
formations  of  the  district.  It  outcrops  along  the  sides  of  many  of 
the  valleys.  The  (lalena  limestone  is  a  massive,  rough -weathering, 
frequently  flinty  dolomite*,  which  forms  the  surface  rock  over  the 
main  part  of  the  quadraiigU*.  ( )utcr<)ps  are  fre(iuent.  In  this  forma- 
tion and  in  the  upjH^r  part  of  the  next  lower  are  the  lead  and  zinc 
dei)osits  of  the  district.  The  Macjuoketa  shales  (frequently  called  in 
this  district  the  ''Hudson  River''  shales)  consist  of  blue  to  gnH»n 
shales  and  clays,  witli  some  thin  i)an(ls  of  earthy  limestone.  This 
formation,  lx»cause  of  its  soft  nature,  is  rarely  se(»n  in  outcrop.  It  is 
confineil  chiefly  to  tin*  base  of  the  mounds  and  to  some  of  the  higher 
ground  surrounding  tlie  mounds.  Tlie  Niagara  limestone  is  a  dolo- 
mite, frequently  carrying  hirge  amounts  of  flint,  and  is  confined  to 
the  summits  of  the  higher  mounds;  its  total  thickness  is  not  se(»n  in 
the  Mineral  Point  (|ua(hangle,  the  figures  above*  given  referring  only 
to  the  formation  as  here  represcMited.  This  hard  dolomite  at  timers 
forms  bold  outcrops  near  the  sununits  of  the  mounds. 

The  soils  of  the  district,  except  the  valley  alluvium,  are  residual — 
that  is,  are  formed  from  the  decay  of  the  inimediately  underlying 
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rcH'k.  Spread  over  inudi  of  tlie  district  is  a  very  thin  mantle  of 
l(H\ss,  which  iK^conies  thinner  and  even  entirely  lacking  in  the  eastern 
portion  of  the  quadrangle.  It  is  more  noticeahle  on  the  west  and 
southwest,  hut  even  here  it  nux»ly  exceeds  4  feet  in  thickness  and  does 
not  average  nioiv  than  half  of  that  amount. 

Th(»st»  indurated  formations  rei)n»stMit  one  long  perioil  of  early 
Paleozoic  stnli mentation  twice  interrupted — once  probably  in  Pots- 
dam time  and  again  at  the  end  of  I^ower  Magni'sian  time — the  St. 
Peter  sandstone  lH»ing  unconformable  ui>on  this  limestone  formation. 
Then*  are  no  evidena^s  in  this  (piadrangle  that  foi^nations  later  than 
the  Niagara  weiv  deposited  here.  Tliere  is,  though,  in  the  ]Xineplain 
already  mentioned,  direct  evidence  that  the  district  was  reduced  by 
subaerial  erosion  to  a  low-lying,  rather  level  surface,  probably  in 
Tertiary  time*.  Later  the  pcMieplain  was  elevated  and  erosion  has 
continued  uninterruptedly  to  the  pri*sent  day. 

WATKIt  UKSOIMICKH, 

snuNos. 

Among  the  important  water  rcsounvs  of  this  quadrangle  an* 
springs,  which  are  numerous,  and  which  are  in  the  main  ctmfined  lo 
three  geologic  horizons — the  basi*  of  the  (lalena  limestone,  the  base 
of  th(»  Platteville  linuvstone,  and  the  bas<»  of  the  St,  Peter  sandstone. 
A  few  springs  issue  at  other  horizons,  as  on  shaly  layei-s  in  the 
tJalena,  but  thes(»  are  not  large  and  do  not  occur  uniforndy. 

At  tlie  l)ase  of  the  (Jalena  is  a  slratuni,  fioni  a  few  incites  to  4  finn 
Ml  thickness,  of  a  Mack  to  brown  carbonaceous  shale,  whi(*h  is  known 
locally  as  the  oil  rock.  This  is  connnonly  underlain  by  one  or  mon» 
thin  strata  of  blue  to  while  clay  or  shale.  All  thes(»  strata  are  prac- 
tically impervious  ami  turn  much  ol"  the  water  which  soaks  down 
through  tin*  porous  (ialemi  <lolomite  above.  Springs  from  this 
liori/oii  are  l(»ss  conunon  in  the  eastern  j>oi'tion  of  the  (pnidrangle 
than  cUrwhere.  althciigh  tli<'y  do  occur  licr<*.  while  they  are  common 
whei-evcr  streams  have  cut  down  into  tin'  Platteville  linu»stone  in  the 
vicinity  of  Platteviiie. 

hnmediately  overlying  the  St.  Peter  sandstoiK*  is  a  ImmI  of  blue 
shale,  sometimes  sandy,  which  is  from  i!  inches  to  .'i  feet  in  thickness. 
This  M'vy  commonly  turns  the  water.  an<l  tlM'i-e  results  the  rather 
uiuisual  phenomenon  of  a  marketl  line  cd'  spriiiir<  abovi*  a  porous 
sandstone  formation.  This  is  a  veiy  <*oiistant  spring  horizon 
ihroughout  the  parts  of  the  district  in  which  the  St.  Pet<'r  sandstone 
outcrops. 

The  I^ower  Magnesian  lini(»stone  appears  irregularly  beneath  the 
St.  Peler  sandstone  in  some  of  the  (l(»eper  valleys.  (Mose  to  the  top 
of  this  limestone  fonnation  at  times  are  beds  of  very  conij)act  lime- 
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stone  or  of  shale  and  clay.  The  springs  at  this  horizon  are  not  so 
numerous  nor  so  constant  in  occurrence  as  at  either  of  the  two  other 
horizons. 

These  springs  frequently  form  the  starting  points  of  permanent 
streams,  and  they  are  of  local  importance  to  the  farmers,  as  they 
furnish  fine  supplies  of  water  for  domestic  and  dairy  uses,  thus 
frequently  determining  the  location  of  the  farm  houses. 

STREAMS  AND  WATEB  POWEBS. 

The  rainfall  of  the  district  is  approximately  35  inches  a  year,  the 
streams  are  numerous,  and  irrigation  is  not  necessary.  The  smaller 
streams  of  the  quadrangle  descend  quite  rapidly,  at  times  as  much 
as  60  feet  per  mile,  while  the  larger  streams  have  in  their  lower  parts 
an  average  descent  of  not  to  exceed  10  feet  in  a  mile.  There  are  no 
waterfalls  in  the  quadrangle,  except  those  altogether  too  small  to 
be  utilized  as  water  powers.  The  main  streams  are  Pecatonica  River 
in  the  eastern  and  Fever  River  in  the  southwestern  part.  Both 
.streams  head  within  the  quadrangle.  The  former  is  the  larger,  but 
both  are  capable  of  furnishing  water  power  for  local  use,  though  at 
present  they  are  not  utilized  except  at  two  points — at  Darlington,  on 
Pecatonica  River,  and  near  Benton,  on  Fever  River,  where  small  dams 
have  been  erected.  Many  of  the  streams  of  the  district  having  a  fall 
of  from  10  to  40  feet  per  mile  possess  enough  volume  to  furnish  water 
powers  sufficient  for  small  flour  and  grist  mills.  Abandoned  mills 
and  millraces  testify  to  the  use  of  these  water  powers  before  the  build- 
ing up  of  the  large  milling  centers  in  the  Northwest. 

WELI.S   TO   OROUNI)    WATER. 

The  distance  from  the  surface  to  the  level  of  p:round  water  in  this 
area  varies  from  less  than  10  f(H»t  in  the  valleys  to  100  feet  or  more 
on  some  of  the  hi^li  intcrstreain  aroas.  No  figures  are  available  as 
to  the  average  dopth  to  the  ground-water  level,  but  this  is  far  enough 
!>elow  the  surface  to  make  it  usually  inexpedient  to  excavate  open 
dug  wells.  Wells  sunk  bv  churn  drill  are  common,  esfweially  in  the 
broad  upland  parts  of  the  district.  The  (lalena  limestone,  which 
is  the  rock  immediately  underlying  the  surface  in  the  givater  part 
of  the  quadrangle,  is  sulliciently  porous  to  furnish  reas<mable  sup- 
plies for  domestic  purj)<>ses  in  wells  sunk  a  few  feet  1h»1ow  ground- 
water level.  The  water  of  such  wells  is  somewhat  hard  (although 
no  accurate  determinations  are  at  hand),  but  of  excellent  quality 
for  domestic  us<».  WIkmc  wells  are  sunk  to  ground-water  level  in 
areas  underlain  by  the  St.  P(»ter  sandstone  the  supplies  of  water  are 
large. 
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For  deep  wells  there  are  two  important  water-beuing 
the  Potsdam  and  the  St  Peter  sandstones,  one  or  both  of  whidi  cu 
be  found  under  all  the  quadrangle.  Little  can  be  said  conoennf 
water  supply  from  the  sandstone  in  the  upper  part  of  the  Lowv 
Magnesian  limestone,  for  it  is  not  yet  known  whether  it  eztands 
under  all  the  quadrangle,  and  in  some  places  it  is  not  separated  from 
the  St.  Peter  by  marked  limestone  strata. 

St.  Peter  mndstofie. — ^The  St  Peter  is  a  pooriy  cemented  homo- 
geneous sandstone  of  medium  grain,  composed  sometimes  of  99  per 
cent  of  rounded  quartz  grains.  It  is  an  ideal  water-bearing  stratum. 
Near  the  northeast  corner  of  the  quadrangle  its  upper  surface  is 
1,050  feet  and. at  the  southwest  comer  about  600  feet  above  sea  level 
It  may  be  regarded  as  descending  uniformly  from  the  former  to  the 
latter  altitude,  except  for  two  areas,  where  it  is  60  to  ISO  feet  higher 
than  normal.  These  areas  are  along  gentle  anticlinal  folds  whose 
axes  run  east  and  west;  the  axis  of  one  fold  lies  south  of  Mineral 
Point  and  north  of  Platteville,  and  that  of  the  other  runs  from  Red- 
roc*k  on  the  east  to  Cuba  on  the  west.  In  the  general  upland  level 
(the  old  i)eneplain  surface)  of  the  quadrangle,  where  the  Galena 
is  the  surfaw  ro<'k,  the  St.  Peter  can  be  reached  in  from  100  to  800 
feet,  whilo  in  annis  inimediatoly  underlain  by  Maquoketa  shales  (as 
al)out  the  Platto  mounds,  near  Hazel  (rreen,  and  south  of  Shullsburg) 
it  is  farther  from  the  surface.  Wells  sunk  into  the  upper  part 
of  this  sandstone  will  at  times  furnish  pMxl  supplies  of  water,  while 
an  abundant  supply  ran  \n'  counted  on,  exeei)t  near  some  of  the  Lower 
Mapiesian  outcrops,  in  wells  sunk  to  the  bast^  of  the  St.  Peter.  The 
water  from  this  sandstone  is  less  liabh*  to  hold  considerable  quan- 
tities of  mineral  substances  than  is  water  from  lower  horizons. 

The  inclination  of  the  strata  is  toward  the  south-southwest,  the 
dip  Immu^  peater  than  the  surface  slope.  Thus  favorable  conditions 
for  artesian  Hows  from  the  St.  Peter  sandstone  would  exist  in  the 
southern  ])art  of  the  (juadran^le  were  it  not  that  toward  the  south  (at 
La  Salle  and  Oregon,  111.)  and  the  west  (near  Dubuque)  this  sjind- 
stone  outcrops  at  lower  levels  than  it  holds  within  the  quadnin^rle. 
So  artesian  flows  an»  n«)t  t«)  Ih»  expected  fro!u  this  water-l>earin^ 
stratum,  though  in  scmie  wells  the  water  will  rise  for  a  short  distance 
al)ove  the  top  of  the  sandstone. 

Potsdffjft  nau(htoin\ — The  Potsdam  sandstone  is  in  lar<i:e  part  as 
unc<»mented  as  the  St.  Peter,  and  so  is  a  ^imxI  water-lnMirin^  formation. 
It  has,  lunvever,  connnonly  more  calcareous  and  argillaceous  impuri- 
ties, which  at  times  form  distinct  limestone  and  shale  ImhIs,  and  thus 
furnishes  more  than  one  water-bearing  horizon.     The  I^otsdam  un- 
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doiihtodly  underlies  the  whole  qiiaflrangle  at  \i  depth  of  from  230  to 
350  feet  fielow  the  top  of  the  St.  IVter,  It  can  be  relied  upon  as  a  strong 
water-bearing  formation,  and  is  even  more  impf>i1ant  than  th**  St, 
Peter.  Water  from  the  Potsdam  will  ri^^e  above  the  top  of  tliat  hori- 
zon, but  can  not  Ije  commonly  expected  to  funii.sh  flmving  wellir^.  Tt 
is?,  however,  possible  thut  flowing  wells  from  this  horisfion  ma>^  Ije 
obtained  in  some  of  the  valley  bottoms. 


WATER  RESOURCES  OF  THE  JOPLIN  DISTRICT,  MISSOURI- 
KANSAS. 


By  W.  S.  Tanodeb  Smith. 


TOPOGRAPHIC  AND  GEOIiOGlC  GONDITIOira. 

LOCATION. 

The  Joplin  district  is  located  at  the  intersectioii  of  the  bound- 
ary lines  of  Missouri,  Kansas,  and  Indian  Territory.  It  embraoeB 
an  area  of  476  square  miles,  lying  between  94^  16'  i|nd  94^  46' 
west  longitude  and  87°  and  37°  15'  north  latitude.  About  three- 
fourths  of  the  district  lies  in  Missouri,  and  includes  among  its  larger 
towns  Joplin,  Webb  City,  and  Carthage;  the  remaining  fourth  (ex- 
cept for  a  fraction  of  a  square  mile  falling  in  Indian  Territory)  is 
in  Kansas,  and  its  largest  towns  are  Galena,  Empire,  and  Baxter 
Springs.  It  is  essentially  a  lead-  and  zinc-mining  region,  and  most 
of  the  settlements  of  the  district  are  dei)endent  on  these  interesta 
Xext  to  mining,  agi*icuilturo  is  tlie  most  important  industry. 

T()1»()(;ILVP1IY. 

The  Joplin  district  lies  near  the  wostern  margin  of  the  Ozark 
uplift,  a  flat,  asymmetric  domo  comprising  most  of  the  southern  half 
of  Missouri  and  the  northern  half  of  Arkansas.  The  upland  surface 
of  the  district  is  almost  flat,  Aviih  a  very  low  general  slope  to  the 
northwest.  Theses  nearly  level  uplands — on  which  most  of  the  cities 
and  towns  are  located — aiv  cut  by  numerous  stream  valleys,  for  the 
most  part  ojhmi  and  ratlu^r  shallow.  The  vall(\vs  grow  deeper  toward 
the  southern  and  western  parts  of  the  (jnadrangle.  reaching,  a  maxi- 
unim  depth  of  about  2(M)  feet  below  tin*  adjacent  uplands,  and  l>or- 
dered  here  and  theiv,  especially  along  Shoal  Creek,  by  abrupt  cliffs. 
The  drainage  of  the  district  as  a  whole  is  toward  the  southwest. 

DRAIN ACE. 

The  most  important  drainagi*  lines  of  the  district  are  Spring  River 
and  its  tributaries,  Shoal,  Center,  Turkey,  Cow,  Shawnee,  and  Short 
74 
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'  creeks  and  Buck  Branch,  together  with  several  of  the  tributaries  of 
Center  Creek.  These,  with  about  two  dozen  minor  streams,  comprise 
all  the  perennially  flowing  streams  of  the  district.  The  minor  drain- 
age lines  run  for  the  most  part  roughly  at  right  angles  to  the  valleys 
to  which  they  are  tributary,  and  are  characteristically  short,  seldom 
exceeding  a  length  of  3  or  4  miles.  None  of  the  streams  are  naviga- 
ble. Even  the  largest,  Spring  River  and  Shoal  Creek,  thou^  com- 
paratively broad — the  former  having  a  width  of  150  feet  or  more  in 
places  along  its  lower  stretches — are  at  many  points  shallow  enough 
to  be  forded. 

The  streams  are  all  spring  fed  (except  for  a  few  small  ones  formed 
by  water  pump>ed  from  the  mines),  and  those  which  rise  outside  the 
district  receive  important  additions  from  springs  in  their  course 
across  it 

GEOLOOT. 

The  rocks  of  the  district  are  wholly  sedimentary,  and  the  surfaoe 
exposures  are  all  of  Carboniferous  age,  both  the  upper  and  lower 
Ijeing  represented.  The  lower  Carboniferous  (Mississippian)  rocks 
consist  of  about  350  feet  of  normally  nonmaguesian  limestones  and 
cherts  in  varying  proportion,  constituting  the  Boone  formation.  Not 
far  from  the  top  of  this  formation  is  a  thin  but  persistent  bed  of  oolite, 
outcrops  of  which  occur  in  all  parts  of  the  district.  About  100' feet 
below  this  is  a  heavy  l)ed  of  chert,  averaging  about  40  feet  in  thick- 
ness and  known  as  the  (Irand  Falls  chert. 

The  exposures  of  the  Mississippian  rocks  cover  the  greater  part  of 
the  Joplin  district.  Above  these  lie  the  upper  Carboniferous  (Penn- 
sylvanian)  shale,s  and  sandstones,  constituting  the  Cherokee  forma- 
tion. There  is  a  considerable  area  of  these  shales  and  sandstones 
along  the  western  margin  of  the  quadrangle  west  of  Spring  River, 
in  addition  to  which  scattered  areas  and  patches  of  them  dot  the  entire 
district. 

As  shown  by  exposures  outside  \\\v  district  and  by  deep  drill  holes, 
there  is  l)eneath  the  Mississippian  rocks  a  very  thin  body  of  Devono- 
Carboniferous  deposits,  succeeded  in  depth  by  l,JiOO  or  1,4(X)  foet  of 
C^ambro-Silurian  rocks,  consisting  of  a  series  of  dolomites,  iuagne.sian 
linie^stones,  and  sandstones.  chieHy  the  first.  These  overlie  the  pre- 
Canibrian  crystalline  rcK'ks. 

llie  rocks  of  the  district  hav(»  a  low  general  dip  to  the  northwest, 
at  an  angle  somewhat  <rreater  than  the  ^Mieral  inclination  of  the  sur- 
face. ()j)en  foldin«r  is  connnon  on  lM)th  a  large  and  a  small  scale. 
Noticeable  faultin<r  is  unconnnon  over  the  quadrangle  as  a.  whole, 
but  in  those  parts  where  the  lead  and  zinc  deposits  occur  both  fault- 
ing and  folding  are  of  more  importance.     The  faulting  has  often 
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given  rise  to  breociation  of  the  rocks  adjacent  ta^€  fa  all  pi 
especially  in  the  more  cherty  portions  of  the  Boone  foniiaiion.    Tit] 
underground  waters  of  the  district,  as  seen  in  tipringi^  and 
wells  and  in  the  mines,  circulate  chiefly  along  the  bedding  pit 
of  the  rocks  and  along  the  fault  planes — at  least  within  tbe^   ' 
formation — the  chert  breccias  forming  unusually  fiiv^ormble 
for  underground  circulation. 

WATBB  BIiSOURCBB. 

The  economic  water  supply  of  the  district  is  drawn  fttan 
streams,  springs^  wells,  and  rainfall,  the  last  being  sufficient  in , 
eral  for  agricultural  purposes. 

STREAMS. 

General  character, — ^The  streams  of  the  district  are  used  both  li  a  ^ 
source  of  water  supply  and  for  power.  Of  those  ajpllahlr  for 
power  Shoal  Creek  has  an  average  fall  of  7  feet  to  the  Mile  for  till  | 
17  miles  of  its  course  through  the  district  Center  Qtm^  has 
average  fall  of  r>.3  fiH>t  per  mile  for  its  27  milei^  while  tha«P««rage  fiU  ! 
of  Spring  River  for  the  28  miles  of  its  course  included  is4h 
part  of  the  district  is  only  2.1  feet  to  the  mite,  and  ibi^  its 
length  within  the  district  al)out  3.0  feet  por  mile.  The  grade  of 
these  stn^ams  is  somewhat  variable,  so  that  hK'uHy  the  fall  is  con- 
siderably greater  than  the  figiirt*s  given.  At  Ijowell  the  course  of 
Spring  Kivor  is  hrokon  by  rapids,  wliile  along  Shoal  Creek  lx*tween 
l^)well  and  R(Mldin^s  Mill  rapids  an*  found  at  a  number  of  points. 
The  only  falls  on  these  streams  are  those  at  (irand  Falls,  on  Shoal 
0(»ek. 

Poirer, — Shoal  (^'eek  has  been  dammed  at  Reddings  Mill  and  at 
(irand  Falls,  furnishing  power  at  the  former  for  a  mill  on  the  south 
hank  of  the  stream  and  at  (irand  Falls  for  the  Joplin  electric-light 
plant.  At  Lowell,  which  is  situated  at  the  mouth  of  Shoal  Creek, 
both  this  stream  and  Spring  River  an*  danuned,  the  former  stream 
furnishing  power  for  a  gristmill  which  has  not  l)een  run  for  two 
years  or  more.  The  water  of  Spring  River  is  usi'd  here  for  a  large 
gristmill  on  the  west  side  of  the  riv(»r  and  for  a  small  corn  and  feed 
mill  on  the  east  side.  On  account  of  the  low  grad«»  of  the  stream  the 
dam  across  Si)ring  River  here  backs  the*  water  fo!'  about  2  miles  up 
the  river.  Heh)W  Ijowell  and  east  of  Baxter  Springs  Spring  River  is 
dannned  again  to  furnish  the  |>ower  for  a  large  mill. 

Up  Spring  River  from  Ijowell  there  was  formerly  a  mill  using 
water  power,  at  the  old  Boston  Mill  Bridge  across  Spring  Creek 
north  of  the  mouth  of  Center  (^reek.  South  of  Waco,  on  Spring 
River,  there  is  a  small  mill,  which  has  lately  l)een  repaired  and  put  in 
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Icunning  order.    In  addition  to  these,  there  is  a  mill  obtaining  power 

yftom  Spring  River  1  mile  west  of  the  eastern  margin  of  the  dis- 

...  trict.    A  short  distance  south  of  Spring  River,  in   Carthage,  a 

.  large  mill,  which  was  burned  down  not  long  since,  had  a  canal  more 

than  three-fourths  mile  long  cut  to  it  from  the  river.    A  flour  mill 

near  Spring  River,  west  of  Alba,  also  obtains  water  power  from  the 

river  through  a  canal,  in  this  case  nearly  one-half  mile  long. 

Domestic  nupply. — Si>ring  River  and  Center  and  Shoal  creeks  fur- 
nish the  water  supply  of  most  of  the  cities  of  the  district  The 
Carthage  pumping  plant  is  on  Spring  River  just  north  of  the  city. 
The  pumping  station  of  the  Webb  City  waterworks  is  on  Center 
Creek  about  a  mile  east  of  Oronogo.  That  for  the  Galena  water- 
works is  on  Shoal  Creek  about  1^  miles  south  of  the  city.  The  Joplin 
city  water  is  taken  from  Shoal  Creek  at  a  point  about  3  miles  a  little 
west  of  south  of  the  city,  and  about  (>  miles  east  of  and  above  the 
source  of  the  Galena  supply.  It  is  pumped  to  a  settling  basin  in 
Blendeville  in  the  southern  part  of  the  city,  where  it  is  filtered  before 
being  pumped  into  the  city  mains. 

A  numl)er  of  the  streams  of  the  district,  most  of  them  otherwise 
potable,  have  l)een  polluted  to  a  greater  or  less  extent  by  water 
pumped  from  the  mines.  These  waters  contain  zinc  sulphate  and 
other  impurities,  which,  if  sufficient  in  amount,  render  the  streams 
unfit  for  domestic  uses  and  sometimes  for  other  purposes  as  well. 
Pollution  from  this  source  is  greatest,  of  course,  immediately  in  the 
neighborhood  of  the  mining  camps,  and  it  affects  chiefly  the  smaller 
streams.  Rarely  the  zinc  content  of  the  waters  is  sufficient,  as  in  the 
case  of  Turkey  Creok,  to  destroy  the  fish  once  found  in  the  stream. 
Of  tho  larger  streams  those  principally  affected  are  Turkey  and  Short 
cri^eks  and,  to  a  much  less  extent,  Center  (^reek  Iwlow  Carterville 
and  Oronogo.  Comparatively  few  mines  contribute  water  directly 
to  Spring  River  ji.ul  Shoal  Creek.  For  this  reason  and  on  account 
of  the  large  volume  of  these  streams,  their  zinc;  content  is  small. 
In  the  Joplin  city  water,  taken  from  Shoal  Creek,  the  amount  of 
metallic  zinc,  as  deterniined  at  different  times  by  Mr.  W.  (ieorge  War- 
ing, ranges  from  a  ti*ace  to  l.ii  parts  per  million. 

It  is  probable  that  the  (ialena  city  water  has  a  somewhat  larger 
proportion  of  zinc  than  the  Joplin  water  (thou<rh  not  a  dangerous 
amount),  on  account  of  the  zinciferous  springs  and  the  mines  of 
(fordon  Hollow  and  its  nei^hl)orhoo(K  which  are  located  just  north 
of  Shoal  (^reek  and  several  miles  alM)ve  the  point  of  intake  of 
(iaiena's  water  supply,  and  on  account  of  the  watei*s  from  the  mines 
south  of  Blendsville,  which  empty  mto  Shoal  Creek  just  heh)W 
the  sourct*  of  JoplinV  city  supply.  In  addition  to  this  there  is  the 
danger  of  sewage  pollution  from  thesi^  mining  camps.  In  the  case 
of  the  Joplin  city  w  ater  any  such  danger  appinirs  to  be  slight,  and  it 
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is  doubtlefls  reduced  to  a  minimum  by  tlie  filtntion  to  wliidi  the 
water  is  subjected. 

The  water  of  Shoal  Creek  is  only  slightly  turbid,  is  withont  odor 
or  appreciable  taste,  and  appears,  fi*om  partial  analysea  made  by  Mr. 
Waring,  to  have  a  low  content  of  mineral  matter.  The  wmter  of 
Center  Creek,  as  shown  by  the  accompanying  analysia,  oontains  a 
moderate  amount  of  mineral  matter,  the  comparativdy  large  pro- 
portion of  silica  and  alumina  being  due  to  suspended  days. 

Mineral  unaiyBis  of  water  from  tap  in  Webb  City  wmterworkB  ogkx, 

[Purta  per  million.]  • 

Silica ^ 68.4* 

Alumina z - 10. 9 

Sodiiini  chloride 0.6 

Sodium  sulphate 68l4 

Magnesium  sulphate Sft.  3 

Ferrous  sulphate lOiS 

Calcium  sulphate 111.5 

Calcium   bicarbonate -» 240.0 

SS7.6 

Cleveland  and  Millar  Analytical  Laboratory,  analyst 

While  this  water  is  not  known  to  be  contaminated  by  sewage,  the 
location  of  Lakeside  Park,  between  2  and  8  miles  above  the  source  of 
the  Webb  City  supply,  suggests  a  possibility  of  danger  from  this 
source. 

The  Carthage  city  water  is  undoubtedly  as  free  as  any  of  the 
waters  derived  fi'oin  the  streams  of  the  district  from  contamination 
from  any  source. 

SPRINGS. 

Occurrence, — Springs  are  common  thronj^hout  the  district,  espe- 
cially along  Shoal  Creek  and  its  tributary  valleys.  They  are  found 
for  the  most  part  along  the  margins  of  the  valleys,  though  one  issues 
on  the  upland  west  of  Joj)lin,  tlie  water  here  rising  to  the  surface 
along  a  fault  plane.  These*  waters  come  from  ditferent  horizons  in 
the  Boone  formation.  The  (irand  Falls  elu»rt  apixMU's  to  be  especially 
favorable  to  underground  flow,  and  many  of  the  springs  along  Shoal 
Creek  (almost  the  (mly  part  of  the  distriet  where  this  meml)er  of  the 
Boone  formation  is  exposed)  emerge  at  eith(»r  its  upper  or  lower  sur- 
face. The  springs  are  often  of  considerable  volume,  l)ut  the  amount 
of  flow  has  not  bc^en  definitely  dc^termined  in  any  instance.  The 
largest  one  known  to  the  writer  in  the  <listrict — on  the  eastern  margin 
of  Grove  Creek  valley,  alwut  one-half  mile  west  of  north  of  Scot- 
land— gives  rise  to  a  stream  12  feet  wide  and  (>  or  8  inches  deep. 

Character, — ^Tlie  water  from  all  the  springs  is  cold,  no  thermal 
springs  being  known  in  the  district.  Most  of  the  spring  waters  are 
clear,  colorless,  without  sediment,  and  are  potable,  coutaiiiing  only  a 
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comparatively  small  amount  of  mineral  matter  in  solution,  chiefly 
calcium  bicarbonate.  Analysis  No.  1  of  the  accompanying  table  is 
probably  typical  of  these  springs.  Where  favorably  situated  these 
springs  are  used  as  a  source  of  water  supply  for  household  and  other 
purposes,  but  not  for  irrigation,  so  far  as  known.  The  water  from 
the  spring  on  the  upland  west  of  Joplin  is  not  only  used  by  the  people 
of  the  vicinity,  but  is  also  piped  to  a  neighboring  niine^   . 

Of  the  comparatively  few  spring  waters  of  the  district  which  differ 
from  those  just  referred  to,  one  (see  analysis  No.  2)  contains  sodium' 
sulphate  (which,  next  to  calcium  bicarbonate,  is  its  principal  con- 
stituent) in  suificient  amount  to  he  somewhat  medicinal,  thus  classing 
it  as  a  mineral  water.  The  chalybeate  springs,  at  Baxter  Springs — 
used  commercially  and  as  a  resort — contain  chiefly  calcium  and  iron 
bicarbonate  (analysis  No.  8).  These  waters  have  only  a  slight  taste 
and  show  a  slight  reddish,  flocculent  precipitate. 

A  few  of  the  springs  of  the  district  contain,  in  addition  to  the  con- 
stituents usually  found  in  such  waters,  more  or  less  zinc  derived  from 
the  oxidation  of  neighboring  deposits  of  zinc  ore.  Springs  appar- 
ently normal  in  other  respects  are  thus  rendered  unfit  for  use.  This 
applies  particularly  to  the  springs  in  and  near  Jackson,  Roaring 
Spring,  and  Gordon  hollows,  most  of  which  form  more  or  less  of  a 
cream-colored  to  nearly  white,  flocculent  deposit.  All  the  waters 
showing  these  deposits  probably  contain  zinc,  which  is  known  to  occur 
in  four  of  the  springs.  One  near  the  head  of  Roaring  Spring  Hol- 
low, according  to  an  analysis  by  Mr.  W.  George  Waring,  contains 
102.8  parts  per  million,  while  two  springs  nearly  a  mile  south  of  east 
of  the  mouth  of  (rordon  Hollow,  and  just  north  of  Shoal  Creek  (see 
analyses  Nos.  4  and  5),  contain,  respectively,  120.5  and  132.4  parts  per 
million  of  zinc.  The  deposits  of  these  springs,  as  shown  by  qualita- 
tive analyses,  differ  somewhat  in  character  from  each  other,  though  in 
most  cases  they  appear  to  consist  chiefly  of  alumina  and  aluminum 
sulphate,  together  with  inon»  or  less  silica.  Some  of  the  deposits 
contain  zinc,  but  others  do  not,  even  where  it  is  presi»nt  in  the  water 
itself,  as  in  that  analyzt^d  by  Mr.  Waring.  The  waters  analyzed  by 
Doctor  Hillebrand  were  considered  bv  him  unique  in  having  zinc  sul- 
phate as  their  chief  constituent.  TlH»si»  watei-s  have  a  more  or  less 
astringent  taste,  only  slightly  so  in  some  cases.  Near  the  mouth  of 
Gordon  Hollow  is  a  sprinc:  the  water  of  which  is  clear,  the  only  de- 
posit formed  l)eiii^  an  ocher-yellow  fihu  on  rock  surfaces  over  which 
it  flows.  This  \vater  has  an  astringent,  ahnn-like  taste,  and  gives  an 
acid  reaction  wnth  litmus.  Other  springs  ccmtaining  zinc  are  the 
Great  Western,  nearly  -^  miles  north  of  east  of  Joplin,  and  the  Green 
.spring,  east  of  Empire,  which  nn»  shown  by  analyses  to  contain, 
r^pectively,  35  parts  per  million  and  12.G  parts  iK»r  million  of 
metallic  zinc. 
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Amaifftn  of  tpring 
[Pivte  pflr  mmionu] 


1. 

1. 

8 

4. 

lu 

Ij«fi4l  miliihate 

None. 
Trace. 

0.5 
•9 
887.7 
1.6 
6.8 
8.5 

Copper  snlphate 

Cadmiam  solpluite 

Zinc  snlpliftte 

None. 

817 

^enoiiB  soli^luite 

1.8 

1.1 

6.6 

Alnminiim  sulphate 

8.8 

Barimn  snlphale 

None. 

Calciiiiii  solpliate .----. 

48 

11 

204.4 

66.8 
11.7 

108.8 

18 

5.8 

5.6 

4.8 

89.6 

Magneeiiim  sulphate 

Sodium  sulphate 

0.4 
4 

2.2 
2.8 

81 
6.8 

P^^AMfinm  imlphate          .  . 

5.6 

flodium  chloride   

18.8 

8.4 

1.8 

98.1 

4.8 

Pntni^nm  ohlnHHA 

Ferrons  carbonate 

Ferrous  bicarbonate 

Trace. 

Calcium  i^arbonate 

158.5 

78 

84.7 

Calcium  bicarbonate 

172.7 

868.4 

Magnesium  carbonate   

8 

Magnesium  bicarbonate 

14.6 

Lithium  carbonate 

6.0 

89.4 

CarlKm  dioxide  ( free) 

1.8 
15 
Twu'e. 

Silica 

Alumina       ... 

13.7 
2 

18.7 

15.7 

Organic?  matter,  volatile,  and 
loss 1 

29.2 

■ 



405.8 

218 

664.1 

589.0 

579.8 

«  38  cubic  Inches. 

1.  Water  from  Hpring,  eastern  marten  of  Shoal  Creek  valley,  alx>ut  3A  miles  southeasterly 
from  Thurman.  Analyst,  H.  N.  Stokes,  U.  8.  G^eolotfifal  Survey  L#aboratory.  Oombination  ot 
sulwtancea  by  W.  S.  T.  Smith. 

2.  Water  from  springr  near  Webb  City.  Analyst,  Cleveland  and  Millar  Analytical  Laboratory, 
Joplin. 

;i  Water  from  Baxter  8prinK«.  Analyst,  A.  Merrill  (18K2).  Reference:  Bull.  No.  8S,  U.  8. 
Gool.  Survey,  p.  17:*. 

4.  East  Springr.  and  5,  West  Sprinic,  from  jfroup  of  sprinKs  on  tho  road  from  Joplin  to 
aboutjU  miles  southwest  of  Joplin,  at  the  baso  of  a  low  bluff  of  Grand  Falls  chert. 


W.  P.  Hillebrand,  U.  8.  (Jeol.  Survey  Uboratory. 


Analyst, 

Referenct*:  Am.  Jour.  Sci.,  Sdser.,  vol.  4S,  p.  419. 


WELI.S. 

General  character. — Shallow  du^  wells  are,  outside  the  cities,  the 
most  coinmon  source  of  water  supply  throughout  the  district,  and 
jire  to  lx»  found  on  the  outskirts  of  even  some  of  the  larger  cities. 
Such  wells  range  in  depth  from  alK)ut  15  to  about  65  feet.  Some  of 
the  deejxir  wells  of  the  district  are  also  partly  dug,  only  their  lower 
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])ortions  being  bored.  Occasionally  water  in  old  prospect  or  mine 
shafts  is  utilized  as  a  source  of  local  supply,  when  it  is  not  con- 
taminated by  oxidation  products  from  the  ore  deposits. 

Deep  wells. — There  are  in  the  district  several  thousand  drill  holes, 
nearly  all  sunk  in  search  of  ore,  and  ranging  from  slight  depths  to 
COO  feet  or  more,  very  few,  however,  exceeding  250  feet.  Although 
for  the  most  part  concentrated  in  the  mining  camps,  scattered  holes 
are  to  be  found  in  all  parts  of  the  district,  and  in  some  instances,  out- 
side the  mining  camps,  they  have  been  utilized  as  deep  wells.  In  the 
vicinity  of  the  mines,  however,  they  are  not  in  general  available  for 
this  purjKise,  on  account  of  the  lowering  of  the  water  level  by  pump- 
ing at  the  mines,  and  also  because  of  the  frequent  contamination  of 
the  waters  by  oxidation  products  from  the  ore^s.  Prol>abIy  none  of 
the  holes  which  are  less  than  800  feet  deep  extend  below  the  base  of 
the  Boone  formation.  In  addition  to  these,  between  twenty  and 
thirty  deep  drill  holes  have  been  put  down  primarily  for  water  to 
depths  ranging  from  about  500  to  2,005  feet.  They  are,  with  one 
exception,  the  result  of  private  enterprise,  and  a  considerable  propor- 
tion of  them  have  been  sunk  chiefly  to  obtain  water  for  use  in  boilers. 
Besides  this  use,  the  water  from  the  wells  is  employed  for  making  ice 
and  for  other  commercial  purposes,  as  well  as  for  domestic  use.  In 
eToplin  and  Webb  City,  although  both  have  a  regular  water  supply, 
water  from  deep  wells  is  carried  about  in  water  carts  and  sold  for 
drinking.  Empire  is  the  only  town  depending  on  a  deep  well  for  its 
water  supply. 

There  are  no  flowing  wells,  the  water  standing  at  depths  ranging 
from  15  to  200  feet  below  the  surface.  Both  lift  pumps  and  com- 
pressed air  are  used  for  raising  the  water.  The  full  capacity  of  most 
of  the  wells  is  not  known.  The  Missouri  IxmuI  and  Zinc  Company's 
well  at  Joplin  has  a  cai)a('ity  of  about  4,000  gallons  per  hour  (()8  gal- 
lons per  minute).  In  other  instances  water  has  been  pumped  in 
amountii  ranging  from  *j,0()0  to  12,r)0()  pillons  per  hour  without  affect 
ing  the  level.  Except  close  to  the  surface  the  ground  is,  in  general, 
firm  enough  to  stand  without  caving.  A  part  of  the  wells,  at  least, 
are  cased,  the  casing  in  several  known  instances  extending  to  a  depth 
of  400  feet.  The  water  in  th(»  w(»lls  is,  in  general,  derived  from  the 
Canibro-Silurian  rocks,  although  there  do  not  appear  to  be  in  these 
rocks  any  definite*  water  yielding  beds  whicli  are  continuous  through- 
out the  district.  In  some  instances,  as  the  Redell  well  in  Joplin, 
there  is  but  one  flow  of  water,  in  this  case  at  a  depth  of  1,350  feet;  in 
others  there  an»  several  flows.  At  the  Freeman  Foundry  well,  less 
than  three-fourths  mile  south  of  the  Redell  well,  water  was  struck 
at  depths  of  815,  860,  875,  and  900  feet,  the  chief  flow  being  from  the 
uppermost  horizon. 

XRR  14^—05  M 6 


82 


HTDB0UX2T  OF  XA8TBBN  UHITED  BTAXKIy  IML         tm  Mi^ 


The  catchment  area  for  these  deep  wells  is  to  the  soutliMst,  wlwR 
the  northwesterly  dip  of  the  rocks  brings  the  deeper  formations  of  the 
district  successively  to  the  surface.  It  extends  at  least  as  far  east  as 
the  crest  of  the  Oacark  uplift,  and  probably  some  distance  beyond  it 

Chemicdl  content. — ^The  water  from  these  wells  is  moderately  cold, 
temperature  determinations  in  three  cases  ranging  from  68®  to  66}®  F. 
The  water  in  three  of  the  Joplin  deep  wells  has  a  di|^t  though 
distinct  odor  of  hydrogen  sulphide  as  it  issues  from  the  well,  and  this 
is  probably  true  also  of  some  of  the  others  of  the  district.  This  odor 
disappears  after  the  water  has  stood  for  a  while,  and  it  is  not  enou|^ 
to  give  the  water  any  taste.  Chemically  the  well  waters  which  have 
been  analyzed  show  considerable  uniformity.  As  shown  by  the  fol- 
lowing table,  the  total  content  of  mineral  matter  is  low,  ocmsisting 
chiefly  of  calcium  and  magnesium  bicarbonates,  with  smaller  amounts 
of  sodium  and  potassium  salts  and  silica. 

Analy90B  of  deep-well  fcaterB,  Joplin  di$trici. 


1. 

«. 

a 

4. 

ft. 

a 

Copper  sulphate 

Trace. 

Calcimn  sulphate 

6.8 

Magnesium  sulphate 

13.8 
U.l 
12.5 
15.3 

Trace. 

51.4 

dO.6 

21.8 

1  8 

Potassium  sulphate 

Sodium  chloride  

11.7 
Trace. 

16.6 

19.9 

9.9 

8  2 

Potassium  chloride 

Lithium  chloride 

Ferrous  bicarbonate 

Calcium  bicarbonate 

Magnesium  bicarbonate 

Sodium  bicarlwnate         _  .. 

1.3 
162.9 
60.1 

.9 

'.>14 

98.6 

14. 5 

7.2 

2.6 

178.5 

131.3 

35.6 

14.2 

2.9 

150 
103.7 

30.9 

10 

.9 

202.5  ' 
108.8 

12.5 

7.7 

.2 

215. 5 

43.8 

74   1 

Silica    .     

Silica  and  insoluble  residue  . 
Alumina 

47.7  ; 
Trace. 

10.8 
2 

Undetermined 

399. 4 

339.6 

" 

1 

324.7  1 

1 

398.  3 

348.2  ' 

354.6 

1.  Redell  well.  Joplin.     Analyst,  H.  W.  Stokes,  V.  S.  Geo!.  Survey  laboratory ;  combina- 
tion of  substances  by  W.  S.  T.  Smith. 

2.  Freeman  Foundry  well,  Joplin.     Analyst,  Cleveland  and  Millar  Analytical  Laborn- 
tonr,  Joplin. 

3.  Well  on  Missouri  Lead  and  Zinc  Company's  land,  Joplin.  taken  wh«n  well  was  940 
feet  deep.     Analyst,  Cleveland  and  Millar  Analytical  Laboratory. 

4.  Well  on  Missouri  Lead  and  Zinc  Company  s  land.  Joplin,  taken  when  well  was  1,387 
feet  deep.     Analyst,  Cleveland  and  Millar  Analytical  Laboratory. 

5.  Well  on  Missouri  Zinc  Fields  Company's  land,  Webb  City.     Analyst.  W.  Geo.  Warlnir, 
Webb  City. 

6.  Well  on  American  Zinc,  Lead  and  Smelting  Company's  land.  Curtervllle.     Reference : 
Water-Supply  and  Irrigation  Paper  No.  102,  U.  S.  Geol.  Survey,  10U4,  p.  405. 
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Location. — The  kications  of  the  deep  wells  in  the  district  nre  as 
follows : 


Carthage:  WeH  at  IlnrrSniErtati  dairy,  jiwt  pimt  of  the  city  (2,1^)5  ff»pt  [ii  depth, 
the  deepest  In  the  dlt^trk't)  :  iiitloi>t*tidetJl  I'owdor  Works  wpU  (74t?  feet  deep), 
n  DiUeH  southwewt  of  Carthage* 

Webh  City:  Wells  at  ttie  lee  plnnti  at  the  jjower  house  of  the  Siouthwest 
firlisHiniri  Electric  Rallntad  Company  (82^  feet  deep),  and  at  llarrod  Brothers' 
meat  market   ^825  feet  deep)* 

Wells  on  nilnlrjg  traHs  fioiitheftftt  of  W^ehb  City:  C-etitet  Creek  M  In  lug  Com- 
jmijy  (827  ree-ti.  Mlw^souri  Zhir  Fleldw  Company  i>^A  feet),  Homestead  F/end  and 
Zinc  Ciiiaiiany  (tWV*  fctMK  Anit^rifun  Le^ad*  Zinc  and  Smi^ltin^f  Conjpany  i  7!>tl 
feet).  Eleventh  Hour  Minlnj^  Company  ( 1,tKJ(i  fei?t),  Troiip  Mlnluj^  Coai]>auy 
(inm  feetK  and  Ten  (Vl'krf'k  Minlnj^  Company  (Tt'AT  feet). 

Ca  r  I  e  r  V 1 1  It* :    Wei  (  at  H  ry  a  n  t  *s  1 1<>  n  I'Vi  ii  nd  ry  <  <  j4H  f *H't  t  l(i**p  \ . 

Diienvve:^:    Boston- 1 hienwe^  Zini*  ComfaLny's  land  H7r»  fe*'t  deejM. 

Joplln:  Keywtone  II f del,  IL  W,  RedelTH  l>rpwery  O'^TJ^  feet)*  lee  plant 
-Freeman  Foundry'  and  Machine  Works  lil*i8  feet),  MlsH^airi  Li*nd  and  Zlm: 
Coiii|>any'pi  la  ml  (L3H7  feet)* 

Chltu-wjd:    Cnlted  Zlnr^  CNmjpaniew"  land  iSiM\  fK'C). 

Galena:    1 1^  plaid  (071i  fent )  ;    n  nih-oimI  wrll  lad  u«ed. 

Emigre •   City  well  ( 1*002  feet  deep)  furuUhes  water  for  imvn  Hnpply, 
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WATER  RESOURGBS  OF  THE  WINSLOW  QUADRANGLE, 
ARKANSAS. 


By  A.  H.  Purdue. 


liOCATION  AND  ARKA. 

The  area  ineliideil  within  the  Winslow  quadrangle  lies  'mainly  in 
.  the  western  part  of  Arkansas.  Its  southern  border  is  but  a  short  dis- 
tance north  of  Arkansas  River,  and  its  northern  border  is  4  miles 
south  of  the  city  of  Fayetteville.  Its  iKnmdaries  are  the  paralkk 
85°  80'  and  80°  north  latitude  and  the  meridians  94**  and  94**  W 
west  longitude.  It  is  al>out  28  miles  wide  from  east  to  west  and  84 
miles  long,  covering  an  area  of  about  968  square  miles.  Of  this 
something  like  22  square  miles  is  in  Indian  Territory. 

TOPOGRAPHY  OF  THE  AREA. 

In  the  north-south  direction  the  area  extends  entirely  across  the 
highlands  known  in  Arkansas  as  the  Boston  Mountains,  and  includes 
some  of  the  highest  points  of  that  elevation.  The  northern  three- 
fourths  of  the  ai-ea  is  ossiMitially  a  plateau  with  a  slightly  curved 
surface,  the  hi^lii^st  pari  extending  east  and  west  in  about  the  lati- 
tude of  the  town  of  Winslow.  This  phiteau  is  deeply  cut  into  by 
numerous  valleys,  ihe  main  ones  of  which  run  north  and  south. 
These,  with  their  tributary  sidt*  ravines,  cut  the  regiim  up  into  steep- 
sided  hills  with  tops  from  r)0()  to  1,(K)0  f(»et  above  the  streams  Ixdow, 
from  which  the  adjacent  hills  and  vaUeys  j)res(Mit  imposing  land- 
scaj3<»s.  The  lii^hest  of  th(»se  hills — tlu»  one  on  whi(*h  the  village  of 
Sunset  is  locatcMl — is  ni^ar  the  eastern  border  of  the  ai-ea  and  is  some- 
what mon»  than  2,250  feet  above  sea  level. 

From  the  highest  pari  of  the  n»gion  the  surface  falls  otf  gradually 
to  the  south,  so  that  while  the  southern  part  is  rugged,  the  maximimi 
elevation  ahmg  this  border  is  only  alK)ut  800  fec^t  abov(»  sea  level. 

DRAIXAGK. 

About  one-sixth  of  the  area,  located  in  the  northeastern  part  of  the 
quadrangle,  drains  northw^ard  into  White  River:  the  remainder 
drains  into  the  Arkansas.  The  water  divide  extends  from  the  eastern 
l)order  of  the  quadrangle  through  the  town  of  Winslow,  and  then  I'uns 
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northward  a  few  miles  west  of  and  roughly 
parallel  with  the  St.  T^ouis  and  San  Francisco 
Railroad  to  the  north  l)order  of  the  ijuadrangle. 

While  the  rainfall  is  considerable,  the  short 
distance  on  either  side  of  the  divide  to  the  l)or- 
ders  of  the  area  prevents  the  occurrence  of 
large  streams,  though  there  are  many  that  have 
a  constant  supply  of  water,  which,  when  the 
streams  are  at  low  stagi%  is  very  clear  from  fil- 
tering from  pocket  to  pocket  through  the 
gravel  of  the  stream  beds. 

The  drainage  into  \Vliite  River  paases  north- 
ward through  Middle  Fork  and  West  Fork  of 
White  River;  that  into  the  Arkansas  passes 
northward  and  westward  through  the  Illinois 
and  its  tributaries,  and  southward  through  Lee 
Creek,  Frog  Bayou,  Mullwrry  River,  and  their 
tributaries. 
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The  rocks  of  the  region  are  of  Carboniferous 
age,  and  consist  of  limestones,  sandstones,  and 
shales.  The  limestones  are  confined  to  the 
northern  two-thirds  of  the  anm.  They  outcrop 
<m  the  hillsides  of  the  north  slope  of  the  Boston 
Mountains,  and  are  exposed  in  the  deepi»st  ra- 
vin(*s  of  tlie  south  slope  as  far  south  as  the 
latitude  of  Porter,  on  th(»  St.  Louis  and  San 
Francisco  Railroad. 

An  idea  of  the  strati<!:raphy  and  structure  of 
tiie  region  can  be  had  from  fi<r.  14.  The  rocks 
dip  gradually  to  the  south,  except  in  the  lati- 
tude of  l^^rter,  where  there  is  a  marked  east- 
west  monocline  with  a  soiitli  dip,  causing  all 
the  rocks  that  lie  IxOow  the  Winslow  to  pass 
out  of  sight  below  that  formation. 

North  of  the  monocline  is  a  series  of  east- 
west  faults,  which  are  pi-ononnced  in  the  west 
half  of  the  (juadranirN'.  Tlie  downthrow  of 
these  faults,  one  of  which  is  shown  in  the  sec- 
tion, is  on  the  north  side.  Also,  then*  is  a  fault 
s<»veral  miles  long,  witli  the  downthrow  on  the 
east  side,  following  the  valley  of  Covi*  Creek. 

The   following  rock    formations,   named   from   above  downward, 
occur  in  the  region:  Winslow   formation,  Kessler  limestone  lentil, 
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i*oal-bearing  shale,  Brentwood  limcftlQiie,  Iftile  ^tiib4une  meuilvr. 

Pitkin  limestone,  Wedington  sandstone,  FaytHtin*illfF  ^lali^,  liotm 

chert  ] 

WATER  R1B80UBCB&  \ 

Springs  and  wells. — Of  the  above  f artnattona,  fbta^-tlie  Boone,  tin 
Pitkin,  the  Hale,  and  the  Winslow — are  important  vmter  prodi 

The  Boone  consists  lai^y  of  gray  lim^itone,  ooeteinimi  m 
amount  of  chert  in  thin  lenses  parallel  with  the  faedhi  Tbis  fa  Om 
surface  rock  about  Prairie  Grove  and  Summers  and  nortli  of  Mor- 
row, in  the  valley  of  Prairie  Fork  of  Illinois  River,  Its  preseaea 
beneath  can  usually  be  determined  by  the  occurrence  of  loose  dicct 
fragments  on  the  surface.  Both  the  chert  and  the  limeetone  of  thii 
formation  are  much  fractured  and  jointed,  making  it  an  euy  mat- 
ter for  water  to  gain  access  to  and  pass  through  it  As  a  result  Om 
formation  contains  a  large  amount  of  excellent  water;  but  becaufle 
of  the  level  character  of  the  region  over  which  it  is  the  surface 
I'ock,  only  a  few  springs  emerge  from  it,  and  in  order  to  aecare  water 
it  is  necessary  to  sink  wells.  In  the  town  of  Prairie  Orove  is  an  excel- 
lent spring  from  this  formation,  and  there  is  another  1}  miles  east  of 
the  town. 

The  Pitkin  is  a  gray,  compact  limestone  from  16  to  40  feet  thidr, 
resting  upon  n  bed  of  shale.  It  outcrops  all  along  the  north  slope 
of  the  Boston  Mountains  and  in  the  deepest  valleys  of  the  south  slope 
in  the  western  half  of  the  area.  The  shale  l)eneath  holds  the  ground 
water  up  in  the  limestone,  through  which  it  moves  along  the  joints 
as  small,  underground  streams,  and  issu(»s  here  and  there  in  strong, 
Ueautiful  sj)rin^.  The  springs  at  Boonsboro  eome  from  this  lime- 
stone, and  there  are  mnnerous  others  alon^  it.s  northern  outcrop. 
Likewise  there  are  many  sprinp^  flowing  from  this  horizon  on  the 
south  slope  where  it  is  exposed  in  the  ravines,  sueh  as  Cove  Creek, 
Low  Hollow,  Garrett  Hollow,  Whitzen  Hollow,  and  Mountain  Fork. 

The  Hale  sandstone  consists  of  alH)ut  100  feet  of  calcareous  sand- 
stone interl)edded  with  limestone.  The  sandstone  usually  contains  a 
great  many  cavities  the  size  of  hen's  eggs  and  smaller.  Like  the  Pit- 
kin, this  formation  outcrops  all  along  the  north  slo[)e  of  the  Boston 
Mountains  and  in  the  deep  ravines  of  the  south  slope.  Being  thick 
and  of  an  open,  porous  nature,  it  forms  an  excellent  water  reservoir, 
from  which  a  large  number  of  fine  springs  issue  at  frequent  inter- 
vals along  its  outcrop. 

The  Winslow  formation,  which  occupies  the  tops  of  the  Boston 
Mountains,  and  is  the  surface  rcK»k  over  nearly  all  the  south  half  of 
the  (juadrangle,  consists  of  several  hundred  feet  of  alt(»rnating  IkhIs  of 
sandstone  and  shale.  Springs  (K*cur  on  the  hillsides  of  tlu>  north 
slo|)e,  but  they  arc  of  minor  iin]:)ortance,  both  in  size  and  number. 
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However,  the  Winslow  sandstone  furnishes  w^r  in  abundance 
from  wells  of  moderate  depth,  even  on  the  summits  of  the  highest 
hills.  Over  the  area  where  this  is  the  surface  rock  wells  are  relied 
on  almost  wholly  for  culinary  and  drinking  purposes.  In  the  ravines 
of  the  south  slope  occasional  springs  issue  from  sandstone,  which 
owe  their  existence  to  the  general  south  dip  of  the  rocks.  Of  such 
are  Dripping  Springs,  at  Stattler;  Oliver  Spring,  2  miles  west  of 
Kudy;  the  spring  at  Dean  Spring;  Fine  Springs  in  sec  18  and  a 
spring  in  sec  8,  both  of  T.  10  N.,  R.  30  W. ;  springs  in  sees.  17  and  88, 
T.  12  N.,  R.  29  W.;  springs  in  sees.  2,  13,  14,  and  15,  T.  11  N.,  R.  29 
W.;  a  spring  in  sec  33,  T.  12  N.,  R.  31  W.;  and  one  in  sec  11,  T.  10 
N.,  R.  31  W. 

Nature  of  the  water, — All  the  water  from  the  limestone  beds  is 
clear,  cold,  and  sparkling,  and  is  unsurpassed  in  purity  among 
natural  waters.  As  would  be  expected,  that  issuing  from  the  Pitkin 
limestone  is  hard,  being  heavily  charged  with  lime.  That  from  the 
Boone  chert  and  the  Hale  formations,  while  hard,  does  not  contain 
as  much  lime  as  that  from  the  Pitkin,  owing  to  the  large  amount  of 
silica  in  these  formations,  in  the  one  case  as  chert  and  in  the  other  as 
sandstone.  The  water  in  the  Winslow  formation  is  soft,  coming  as 
it  does  from  sandstone. 

Mineral  springs. — In  sec.  32,  T.  11  N.,  R.  32  W.,  1 J  miles  northeast 
of  Uniontown,  is  a  spring  strong  in  sulphur,  which  has  been  inclosed 
and  is  locally  used  for  medicinal  purposes.  It  issues  from  the  Win- 
slow.  At  Sulphur  City,  in  the  northeastern  part  of  the  quadrangle, 
a  spring  of  similar  nature  issues  from  the  Wedington  formation  and 
^ives  ris<»  to  a  local  rosort.  So  far  as  the  writer  knows,  no  analysis 
of  either  of  these  springs  has  ev(»r  lxH»n  made. 

Uses  of  the  tniter. — The  city  of  Fayetteville  receives  its  water 
supply  from  West  Fork  of  White  River,  the  water  \wmg  pumped  2 
miles  into  a  reservoir  on  a  hillside  overlooking  the  place.  Aside 
from  this,  practically  no  use  is  made  of  the  water  of  the  area  except 
for  domestic  and  stock  j)urj)oses.  The  gradient  of  the  streams  is 
considerable,  and  in  some  phices  power  might  Ik*  secured  to  run  small 
mills,  but  it  is  not  so  utilized,  probably  owing  to  the  fact  that  it 
could  not  be*  relicsl  upon  during  the  low  water. 

The  southern  part  of  Frog  Bayou  valley  is  coming  to  be  generally 
utilized  for  the  culture  of  fruit  and  vegetables,  and  it  appears 
wholly  practicable  for  the  water  of  that  stream  to  Iw  usimI  for  irri- 
gation purposes,  thus  insuring  the  crops  against  droughts,  which  an» 
not  infrequent.  Even  during  seasons  of  average  rainfall,  such  use 
of  the  water  would  yi(»l(l  suflicient  returns  in  the  way  of  incivased 
production  and  improved  (juality  of  fruit  to  justify  the  exjienditure 
for  irrigation  ditclu^s.  Tin*  same  could  lx»  said  of  the  valley  of  Lee 
Creek,  were  it  supplied  with  transportation  facilities. 


WATER  RESOURCES  OF  THE  CONTACT  REGION  BETWEEN  THE 
PALEOZOIC  AND  MISSISSIPPI  EMBAYMENT  DEPOSITS  IN 
NORTHERN  ARKANSAS. 


By  A.  H.  PuHDUB. 


OJSXERAL  STATEMENT. 

The  area  treated  in  this  paper  consists  of  a  belt  of  land  from  13 
to  15  miles  wide  lying  along  the  western  border  of  the  lowlands  north 
of  Arkansas  River  and  also  of  a  narrow  belt  of  the  highlands 
adjacent. 

The  field  work  was  done  in  August  and  the  early  part  of  Septem- 
ber, 1903.  The  object  was  to  map  the  contact  between  the  highlands 
and  the  lowlands  in  tliat  part  of  Arkansas  north  of  Arkansas  River, 
ascertain  the  stratigraphic  relations  l>etween  the  rocks  of  the  two 
areas,  determine  tlie  water  horizons  and  the  sources  of  water  in  e-ach, 
and  solve  such  other  economic  questions  as  the  depth,  amount,  {lernia- 
nencv.  and  cliaractcr  of  tli«»  water. 

The  work  was  less  thorough  than  is  to  ho  dosiriMl,  made  so  by  the 
short  time  at  eommaml,  the  want  of  ^ood  ma])s,  the  uncertain  loca- 
tion of  the  roads  in  tlie  forest -co  v(»red  portion,  the  sparsi»  population 
of  some  parts,  and  the  fact  that  nnich  of  the  j)o])ulation  consists  of 
tenants  who  are  unahh*  to  <i:ive  the  necessary  land  descriptitms  to 
onabU'!  one  to  map  with  aeenraey.  For  these  reasons  future  workers 
may  change  somewhat  the  mapj)ing  of  the  contact  l)etween  the  Paleo- 
zoic and  Tertiary  areas.  However,  such  inaecuracies  as  may  exist 
are  hut  small  (mes,  and  the  mapping  herein  presented  can  be  taken 
as  correcrt  for  all  practical  i)urposes. 

GE<)<;UAPIIIC  FKATI  HKS. 
TOPOGRAPHY  OF  THE  LOWLANDS. 

The  lowlands  of  Arkansas  lie  in  the  eastern  and  southern  parts  of 
the  State  and  compris(»,  about  half  its  area.     They  are  a  part  of  a 
lowland  area  of  vast  extent  lying  within  the  (lulf  States  and  reach- 
ing northward  to  a  point  a  short  distant*  beyond  the  junction  of  Ohio 
88 
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and  Mississippi  rivers.  The  region  they  cover  is  known  to  geologists 
as  the  '''  Embayment  Area/'  and  represents  the  extent  of  the  Gulf  of 
Mexico  during  Tertiary  times. 

An  idea  of  the  hypsometry  of  the  lowlands  may  be  obtained  from 
the  following  table  of  elevations  along  the  St.  Louis,  Iron  Mountain 
and  Southern  R  ''way,  beginning  at  the  northern  border  of  the 
State  and  extending  southward  to  Arkansas  River."  In  the  prep- 
aration of  this  table  the  railway  line  "  was  tied  up  and  adjusted  to 
the  line  of  precise  level  brought  up  from  the  Gulf  of  Mexico  by  the 
United  States  Coast  and  Geodetic  Survey." 

Elevations  along  8t,  Louis,  Iron  Mountain  and  Southern  Railtvaif,  Arkansas. 


Stetkm. 


Moark 

Coming 

Colony  Lake 

Black  River 

Knoble 

Peach  Orchard 

Delaplaine 

O'Kean 

Murtha 

Walnnt  Ridge 

Hoxie 

Mintnm 

Alicia 

Swifton 

Tnckerman 

Diaz 

Newxwrt 

White  River  bridge . 
Olyphant 


Eleva- 
tion. 


297.10 
289.10 
282.60 
288.10 
280.10 
285.10 
277.«0 
270.  «0 
270.60 
270.10 
268.10 
260.150 
253.60 
248.00 
241.60 
280. 10 
"227.10 
282. 70 
'.20.  10 


Station. 


Eleva- 
tion. 


Grandglaise 

Bradford 

RnsseU 

Bald  Knob 

Jndsonia 

Little  Bed  River 

Kensett _ 

Higginaon 

Ij  (Earner 

I  Beebe 

'I  Ward 

||  AuHtin _ 

'  Cabot   

\  Holland 

Jacksonville 

McAlmont  . 

Baring  Cross 

Arkansas  River  bridge 


228.10 
241.10 
288.10 
290.10 
217.10 
217. 10 
224.10 
220.10 
220.60 
244.60 
288.10 
248.10 
288.10 
255. 10 
282. 10 
271.00 
260.10 
267.10 


"The  track  has  Ijeen  raised  nt  Newport,  but  it  Is  not  known  how  much.  Levels  from 
the  Ignited  States  l>ench  mark  on  the  river  hank  400  feet  north  of  the  eh'vator  make  the 
top  of  the  rail  opposite  the  end  of  the  pnssenKor  station  23;j.07. 

It  will  be  se^^n  from  an  inspection  of  this  table  that  the  elevation 
of  the  surface  is  remarkably  uniform.  Th(»  average  elevation  of  all 
the  stations  given  is  •201.18  feet;  that  of  the  highest,  Moark,  is  297.10 
feet;  that  of  the  lowest,  Judsonia,  is  217.10  feet.  Notwithstanding 
this  close  approach  to  a  uniformity  of  level,  this  line,  if  taken  alone, 
would  give  an  exaggerated  idea  of  the  topogi'aphy  of  the  rt*.gion,  for. 


•From  Ann.  Kept.  (ieol.  Survey  Arkansas.  1801,  vol.  11,  pp.  lO.S-104. 
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frtiing  as*  it  does  ni^ar  tlip  contact  of  tln>  lowlands  with  th^  hi 
IsihiIh,  it  vari**s  muro  fixiiii  iiiiiforitrily  ihau  would  U*  tlie  **asi«  nUtng 
a  north -south  line  fHrUu*r  rastwarch  Takpii  as  »  whole,  there  is 
alight  Injt  gradual  fall  of  the  region  from  tht^  north  toward  tb 
souths  and  in  llu'  stnilhern  pa  it  c»f  it  froiu  tlu*  we^t  towaixi  the  fM 
The  siriftU  irn^gnhiritie^  of  the*  sjurface  tlist  are  ussually  met  wi 
grc^  3uch  as  have  result od  from  the  formation  of  imtural  levcses  alwi^ 
tlie  overfltnving  sttvams  and  tho  meandering  of  such  streant**. 

The  only  placx*  within  thi^  region  where  there  m  any  afiiiroach 
marked  topographic  featnrei*  is  in  the  southern  part,  wht^r^  thcrt 
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FiQ.  15. — Drainage  map  of  northeastern  Arkansas. 

a  small  area  of  irregular  outline  a  mile  east  of  Jacksonville,  North 
of  this,  and  separated  from  it  by  Bayou  Two  Prairie,  is  a  larger 
arcA  of  the  same  sort,  alx)ut  10  mik\s  in*  length  and  averaging  2  in 
width,  the  northern  end  being  just  east  of  the  town  of  Austin.  Each  of 
these  elevations  is  about  350  feet  above  sea  level,  or  100  feet  hi^er 
than  the  surrounding  coiuitry. 

TOPOGRAPHY  OF  THE  HIGHLANDS. 

In  marked  contrast  to  the  monotonous  level  of  the  lowlands  is  the 
rugged  topography  of  the  adjacent  highlands.  For  the  purpose  of 
description  this  w^U  be  considered  in  two  parts — that  north  and  that 
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A.     BLACK  RIVER  AT  BLACKROCK.  ARK. 
A  typical  stream  of  the  Paleozoic  highland*. 


B.     A  TYPICAL  STREAM   OF  THE  LOWLANDS. 


PUBMra.]  KOBTHEBN  ABKAKBAB.  91 

south  of  White  Eiver.  The  former  is  eesentially  a  plain  with  a 
maximum  elevation  of  about  400  feet  within  the  area  herein  con- 
sidered, dissected  by  Dota  Creek,  Bayou  Ciuria,  Strawberry  Biver, 
Eleven  Points  Creek,  Fourche  de  Mas  River,  and  other  small  streams 
debouching  upon  the  lowlands. 

The  southern  part  rises  quite  rapidly  from  White  Biver  to  an 
elevation  of  about  800  feet  above  tide,  south  of  Batesville,  and  then 
gradually  falls  off  southward  as  a  dissected,  sloping  plain,  to  near 
the  latitude  of  Beebe,  southward  from  which  point  the  plain  is  suc- 
ceeded by  a  series  of  east-west  ridges,  in  height  from  150  to  250  feet 
above  the  surrounding  country.  This  region,  like  the  one  to  the 
north,  is  dissected  by  numerous  streams  which  flow  in  a  general 
southeasterly  direction  and  pass  out  upon  the  lowlands.  Among 
these  are  Bull  Creek,  Bayou  des  Arc,  Little  Red  River,  Glaise  Creek, 
Oats  Creek,  and  Departe  Creek. 

Throughout  the  entire  contact  of  the  highlands  with  the  lowlands, 
except  in  small  portions  of  the  southern  part,  the  latter  abut  against 
an  escarpment  of  the  former,  so  that  the  line  of  contact  is  pronounced. 
Between  the  ridges  of  the  southern  part  the  lowlands  pass  so  grad- 
ually into  the  highlands  that  it  is  not  always  an  easy  matter  to 
determine  where  to  map  the  contact  of  the  two.  But  the  ridges 
t:x)unding  the  valleys  are  always  truncated  at  the  ends,  standing  up 
promontory-like,  leaving  no  doubt  as  to  the  line  of  contact. 

DRAINAGE  OP  THE  AREA. 

The  principal  stream  of  the  region  is  AMiite  River,  which  receives 
Fioni  the  west  Bayou  Mt^to,  Bayou  des  Are,  Little  Red  River,  Glaise 
-^reek,  and  Departe  Creek;  from  the  north.  Village  Creek  and 
^lack  River.  The  hxiUn-  has  two  important  tributaries — Spring 
'tiver,  emerging  from  the  highland  area,  and  Current  River,  which 
lows  southward  near  tlie  contact  of  the  highlands  and  lowlands. 

As  would  Ik^  exi)ecte(l  froui  tlu*  low  altitude  of  the  lowlands,  the 
''^leys  therein  extend  scarcely  beyond  the  stream  Iwrders,  and  the 
'^^iglit  of  the  banks  above  the  stream  surface  seldom  exceeds  20 
feet,  even  at  low-water  stage*.     (Pis.  I,  11,  and  ITT.) 

OK()LC)C;V  OF  THE  LOWI^ANDS. 

HISTORY. 

PRE-TKRTrARY    (CONDITIONS. 

The  geologic  history  of  t\w  lowlands  antedate^s  the  period  when 
the  (Julf  of  Mexico  covered  the  Embayment  Area.  Previous  to 
that  time  a  great   valley  had  lH»en  cut  into  the  Paleozoic  rocks  by 
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btream  erosion,  probably  aided  by.  faulting.*  TUB  tbBij  wis 
bounded  on  the  west  by  the  present  highlands  of  ft  rlrawfi  and 
'  Missouri  and  on  the  east  by  the  similar  highlands  of  Kentaeky  and 
Tennessee,  and  was  several  hundred  feet  deeper  than  the  present 
surface  of  the  Enibaynient  Area.  The  edges  of  the  Paleomic  rocb 
were  exposed  all  around  the  borders  of  this  old  valley,  just  as  their 
upper  parts  are  now  exposed  above  the  lowlands. 

Following  the  formation  of  the  valley  there  came  a  subaidflDOB  of 
the  area,  permitting  the  waters  of  the  Gulf  to  extend  northward  to  a 
point  a  short  distance  beyond  the  present  junction  of  Ohio  and  Ifis- 
sissippi  rivers.  This  extension  of  the  Gulf  took  place  in  late  Cre- 
taceous times.  During  this  time  material  was  carried  by  the  streams 
from  the  surrounding  land  areas  and  spread  out  over  the  bottom  of 
the  Gulf.  The  deposits  formed  at  this  time  are  of  late  CSretaoeons 
age,  and  now  lie  buried  beneath  the  younger  ones  to  be  considered 
later. 

The  character  of  the  Cretaceous  deposits  within  the  area  herein 
considered  can  not  be  definitely  stated,  but  they  probably  con^ 
largely  of  sand,  clay,  and  marl,  such  being  their  nature  farther  south 
in  the  Embayment  Area. 

TERTIARY  CONOmONS.  I 

Following  the  deposition  of  the  Cretaceous  strata,  there  came  »^ 
inen^astMl  subsidence  of  the  iiivji,''  and  as  a  result  the  borders  of  i^^ 
Gulf  were  somewhat  extended  landward  beyond  thos(>  of  late  Cret*** 
cvous  time.     During  this  time  mat(M'ial  continued  to  be  washed    ^^ 
lar^e  (piantities  from  the  land  thereabouts  and  spread  out  over  tl^^ 
Cretaceous  deposits,  ivstin^  against  the  ed<res  of  the  old  rocks  arouii  ^ 
the  border.     This  was  during  early  Tertiary  time,  and  the  materi*  ^ 
deposited  is  of  Tertiary  a^e.     As  the  re<ri<)n  stood  at  a  lower  leve^' 
during  early  Tertiary  time  than  during  late  Cretaceous  time,  th^ 
Tertiary  deposits  theiv.in  lap  farther  over  on  the  Paleozoic  rocks  tlian 
do  the  underlying  Cretaceous. 

I»08T-TKRTIARY    CONDITIONS. 

The  period  of  embayment,  and  consequently  of  deposition,  was 
brought  to  a  close  by  the  elevation  of  the  region,  causing  the  Gulf  to 
retreat  southward  and  Mississippi  and  Ohio  rivers  to  extend  them- 
selves over  the  newly  formed  Tertiary  deposits. 

"  Brann«»r,  J.  C,  Am.  Jour.  Scl.,  vol.  4.  1807.  pp.  ^57-371. 
*  Harris,  G.  D..  Geol.  of  Louisiana.  \\W2,  p.  7. 
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Crowley s  Ridge, — At  this  time  the  Mii^sissippi  flowed  to  the  wei*?t  of 
rhat  is  now  Crow  leys  Ridgt^  and  the  Ohio  to  the  east  of  that  aren- 
jftch  of  these  streamK  wori^  jnvuy  the  Tertiury  dopnsitH  to  oonsidenihlw 
i?pth-s  cutting  out  a  wide  valley  and  leaving  Cnjwleys  Ridge**  *im  ii 
emnant  of  the  bed  which J>pf*>re  the  erosicni  tm)k  pliiw,  extended  we^st- 
rard  tu  the  Arkansas  higldaiids  and  eastward  to  Uio.s<*  of  Kentucky 
lid  Tennessee.  Aecunling  to  Professor  Braniier,  the  height  of  Crow- 
?ys  Ridge  in  Arkansas  is  ''  alH>ut  H5()  feet  aV»ove  the  pn*sent  tide  leveL 
20  feet  alxive  the  lowlands  to  thi^  esisJ  and  west/'  According  to  Pro- 
es*:M7r  Miirhut.  as  indicated  by  the  toftographic  map  accompanying  hi  si 
i*ipei%  it  renches  in  Miastnn^i  the  heiglit  of  IKXl  fi-et,  or  280  feet  aljova^ 
[le  lowlands. 

The  thickness  of  1:2(J  ft*iH  in  Arkansas  and  280  feet  in  Missouri 
oes  not  indicate  the  totul  amount  of  erosion,  for  whik^  the  valleys  Xir 
be  east  and  the  \v«^st  of  tlie  ridg**  weiT  1mm ng  formed  tfie  top  of  the 
idge  itself  was  sutfcring  erosion.    Just  how  nuich  of  it  was  ivmoved 
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Horiionlal  scale  .^ 
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la.  to. — «ectJoii  from  AimtJu  to  nu^ltnrf  Plnlija.  Ark.»  mcrtwH  Uie  Snndhta  arert*     tr.  Well. 

>  not  known.  Furtiiermore  the  valleys  on  either  side  of  Crowleys 
lidge  were  once  decjx'r  than  now,  having  been  partly  refilled  by 
iver  deposits;  so  that  a  large  part — indeed,  most — of  the  material  at 
nd  near  the  surface  of  the  lowland  area  is  of  Recent  age.  The  total 
mount  of  erosion  would  be  measured  l)v  the  vertical  distance  between 
^e  bas(^.  of  the  Recent  deposits  and  the  original  surface  of  the 
'ertiary. 

Sandhill  area, — As  al)ove  stated,  Crowleys  Ridge  is  a  remnant 
f  the  formerly  widespread  Teitiary  rocks.  The  ridge  mentioned 
nder  the  head  ''Topography  of  the  lowlands;'  extending  southward 
rem  the  town  of  Austin,  is  locally  known  as  the  Sandhill,  a  name 
dopted  here  for  want  of  a  better.  This  ridge  also  is  an  erosion 
emnant  of  Tertiary  rocks,  similar  to  Crowleys  Ridge.  As  the  name 
mplies,  the  soil  is  saiuiy.  The  other  small  hill  east  of  Jacksonville 
3  of  the  same  origin  and  character  as  this,  having  l)e^n  cut  off  from  it 

•  For  the  history  of  Crowleys  Rld^  see  Bninner,  J.  C,  Geol.  Survey  Arkansas,  1880. 
ol.  2,  preface,  pp.  xlil,  xiv ;  also  Marbiit,  C.  F.,  The  evolution  of  the  northern  part  of  the 
)wland8  of  southwestern  Missouri :   Univ.  of  Mo.  Studies,  vol.  1,  No.  2,  1902, 
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by  Bayou  Two  Prairie.  With  the  exception  of  a  bed  of  thinty  1 
nated  sandstone  near  the  top  of  the  ridge,  rarely  ezoeeding  «  foot  ia 
thickness,  the  material  of  these  elevations  is  unindurated.  It  is, 
however,  of  an  open,  clayey  nature,  and  has  the  power  of  HhuwBug 
unsupported  in  vertical  walls  for  years. 

Grandglahe  area. — Another  en)sion  remnant  of  Tertiaiy  rocks 
lying  along  the  western  border,  extending  faom  Goflejville  soutfawaid 
to  Bradford,  is  herein  designated  the  Orand^aiae  area.  Tlie  rocks 
of  this  area  consist  of  indurated  material,  varying  in  dianusfeer  fvoB 
a  rather  sandy  limestone  to  one  of  comparative  purity,  most  of  it 
being  quite  fossiliferous.  The  Jbcds  lie  in  a  horisontal  position 
against  the  old  Paleozoic  rocks  and  occupy  the  narrow  strip  between 
the  Iron  Mountain  Railway  and  the  highlands. 

Their  greatest  height  is  about  100  feet  above  the  lowlands  to  the 
east.  This  limestone  is  mentioned  by  Dr.  O.  D.  Harris,*  and  is  classi- 
fied by  him  as  belonging  to  the  Midway  or  lower  stage  of  the  ESooene 
Tertiary. 


Tertiary 


Recent 


Vertical  scale 

100  300 


Horizontal  scale 

400 


300  feet 

—I 


800  yards 


Fig.  17.--  Section  at  (iraudglalBc,  Ark.     tc.  Well ;  »,  sprint?. 


ISand  and  rlay, — Tho  lowland  aroa,  aside  from  tho  orosion  remnants 
mentioned  above,  is  covered  with  Recent  river  deposits  consisting  of 
sand  and  clay.  Much  the  greater  part  is  sand.  AVhere  clay  is  re- 
ported it  is  usually  near  the  surface.  In  places  there  are  as  many  as 
three  thin  beds  within  40  feet  of  the  surface.  These  beds  are  of  un- 
certain extent,  apparently  occurring  as  lens(»s  in  the  sand. 

The  number  of  deep-well  sections  is  so  limited  as  to  make  it  impos- 
sible to  ascertain  the  thickness  "of  the  Recent  deposits  over  much  of 
the  area ;  but  they  of  course  vary  with  the  topography  of  the  old  val- 
leys before  the  filling  Iwgan.  On  the  supposition,  yet  remaining  to 
be  confirmed,  that  the  gravel  mentioned  later  in  this  paper  as  occur- 


*  Geol.  Survey  Arkansas,  1802,  vol.  2,  p.  24, 
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ring  in  the  wells  at  Walnut  Kidge,  Hoxie,  and  Alicia  represents  the 
lower  limit  of  the  Recent  deposits,  these  deposits  are  about  50  feet 
thick  at  the  first  two  places  and  about  60  feet  thick  at  the  third.  The 
assumption  that  this  gravel  represents  approximately  the  base  of  the 
Recent  deposits  is  supported  by  the  section  at  Augusta,  in  which  there 
is  reported  100  feet  of  sand  and  clay  resting  upon  a.  thin  bed  of  clay, 
which  in  turn  rests  upon  a  bed  of  gypsum.     (Fig.  18.) 

There  can  be  no  doubt  but  that  in  this  case  the  100  feet  of  sand  and 
clay  are  of  Recent  age.   The  thickness  of  the  Recent  deposits  is  shown 
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I  nj.  18. — Well  sections.  1,  Well  of  Trumbull  Wapron  Co..  Walnut  Uldpe :  2,  well  of  the 
Iron  Mountain  Railway  To..  Iloxio;  'A,  well  of  the  Southern  (^>operH»fe  Co.,  Minturn  ;  4. 
well  of  A.  W.  Shlrrey,  Minturn  :  5.  well  of  Iron  Mountain  Railway  Co.,  Alicia  ;  0  and 
7,  wells  of  Campbell  &  Vinson,  AuK'ista.  Figures  at  top  show  the  surface  elevations 
of  the  near-by  railway  stations. 

also  in  the  section  of  tbo  Hoop  woll  at  Nowport,  doscribed  lator,  where 
105  feet  of  sand  and  clay,  mainly  sand,  are  reported  as  resting  on 
"  soapstone/'     The  sand  and  clay  in  this  case  are  of  Recent  age. 

Gravels. — All  along  tho  Paleozoic  border  and  lying  upon  the  slopes 
of  the  escarpment  alxAe  tbe  Tertiary  tbere  are  deposits  of  gravel  and 
cobblestones  of  all  sizes  up  to  i\  inches  or  more  in  diameter.  They  are 
well  rounded  and  have  l>een  derived  largely,  if  not  entirely,  from  the 
Paleozoic  area  adjacent  to  the  Tertiary.  In  places  they  are  cemented 
into  conglomerate.  The  altitude  of  their  upper  limit  is  about  500  feet 
above  sea  level,  or  from  250  to  275  feet  above  the  present  level  of  the 
lowland  area,    As  to  whether  these  gravels  are  of  Tertiary  age  or  be- 
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long  to  the  deposits  known  as  '^  Orange  Sand/*  "  I^a  Fajettc*  forma^ 
tiorj/'  or  any  of  th^  terms  employed  to  designate  similar  dfpostts' 

wiltiin  tilt*  Einhayrui'nt  krvn.  tht*  writer  is  imi  prpparod  to  sjiy.  But 
tho  Inr^r  i[UjnitJty  atid  sixo  of  tlu^  cob  b  lost  ones,  the  fiict  that  so  grt*at 
a  prnn*iitiigf  of  tl^nn  has  been  derivcni  from  tiie  Paleozoic  rocfa  am 
\\\wh  they  rest*  and  tlieir  gi'neml  distrilmtion  aliMig  th**  Pali^tPMMd 
i*st*jirpiiieiit  Migue  agiiiiist  a  11  ii  via  tile  aiHi  for  u  nitirine  origin  of 
J  hem.  Whatever  may  have  been  their  origin,  it  is  ei*rtnin  that  the^s© 
^nivels  biive  stiffened  great  t*hjuigt»  sinee  tlieir  orifjinal  deposit iun  iff 
ul)  jdafen  wbere  siiTarns  niul<l  get  hold  of  them*  Fine  examplet^  of 
thit^  may  l>e  neen  along  the  nt reams  that  are  crosswJ  in  driving  from 
Sulphur  Kotk  to  Newark,  The  larp*  deposit  of  p^avel  on  w 
Newark  f^taud^  i^  prububiy  of  this  worked -over  materiaL 

ROCKS. 

TEirriAnw 

The  recent  depo^itv^  of  tlie  low^lnnd  ni'cti  rt*st  npon  deport ta  of  the 
Tertiiiiv  jK^rioik  this  In^^ing  represented  by  the  Eoeene  nicks,  tb 
loWHst  antl  oldest  tjf  its  series-  Tlic  lowest  division  of  the  EoiMMie  i 
thi'  MitlwHy*  with  which  Doctor  ITurris  haR  rlas^^^ified  tlie  limestone  ai 
imd  alwnt  (framlglaise,"  By  referring  to  the  section,  fig.  17,  p*  ^ 
it  w  ill  be  M*t*n  that  this  limestone  lies;  in  a  hurixontal  position,  and  at  i 
higher  level  thim  the  Keren t  deposits  to  the  east.  That  it  does  not  re[)* 
resent  the  base  of  the  Tertiary  is  shown  by  the  occurrence  of  lignitic 
l)eds  at  Newport,  about  11  miles  distant,  beneath  which  no  limestone 
has  been  reported. 

CRETACEOUS. 

The  most  northern  point  within  the  area  from  which  Cretaceous 
rocks  have  Ix^en  reported  is  at  Beebe,  where  Doctor  Harris  notes  fos- 
sils of  this  age,  taken  from  beneath  the  Tertiary  in  a  well.*  But  that» 
Cretaceous  rocks  extend  over  the  whole  of  the  area  appears  certail^ 
from  our  present  knowledge  of  its  history,  according  to  which  ther^ 
was  a  subsidence  at  the  close  of  the  Cretaceous,*^  permitting  the  de-^ 
posits  of  that  age  to  l)e  covered  by  those  of  Tertiary  age. 

In  the  absence  of  fossils  from  the  deep  wells  of  tjie  region,  an^ 
because  of  the  similarity,  of  the  lower  part  of  the  Tertiary  and  thc^ 
upper  part  of  the  Cretaceous,  we  are  unable  to  determine  the  thickness^ 
of  the  latter.     One  mile  southwest  of  Newport,  in  sec.  10,  T.  11  N., 
R.  3  AV.,  there  is  a  drilled  well,  1,000  feet  deep,  the  deepest  in  the  area 
studied,  in  which  the  following  section  is  reported : 

«  Op.  cit. 

"Geol.  of  Arkansas,  1892,  vol.  2,  pp.  10-11,  184. 

«•  Harris,  O,  O.,  op.  cIt, ;  also,  Geol,  of  Louisluna,  1002,  p.  7. 
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Section  of  well  near  Newport,  Ark, 

Feet 

Clay  and  sand 80 

Sand 76 

"  Soapatone** 60 

Quldkaand 600 

Rock  of  different  kinds,  ending  In  flint 346 

The  105  feet  of  clay  and  sand  at  the  top  are  of  Becent  age;  the  rocks 
from  the  base  of  the  quicksand  downward  are  supposedly  Paleozoic 
The  550  feet  between  the  Recent  and  the  Paleozoic  may  all  be  Cre- 
taceous, though  it  is  possible  that  the  upper  50  feet,  reported  as  "  soap- 
stone,''  is  Tertiary. 

PALEOZOIC. 

The  great  mass  of  the  substrata  consists  of  Paleozoic  rocks,  in  age 
passing  from  the  Ordovician  in  the  northern  part  to  the  upper  Car- 
boniferous in  the  southern  part.  The  younger  rocks  lie  unconform- 
ably  upon  these,  resting  against  their  truncated  edges  aroimd  the 
borders.     (Figs.  16, 17,  21,  23,  and  25.) 

The  Ordovician  are  the  underlying  rocks  from  the  northern  part  of 
the  area  to  about  the  latitude  of  Newport.  South  of  there  these  rocks 
pass  under  those  of  Carboniferous  age.  (See  fig.  8.)  The  kinds  of 
rocks  constituting  the  Ordovician,  which  would  be  penetrated  in  deep- 
well  drilling  north  of  Newport,  after  having  gone  through  the  imcon- 
solidated  Tertiary  and  Cretaceous  beds,  can  be  ascertained  by  refer- 
ring to  fig.  19.  South  of  Newport  shales,  sandstones,  limestones,  and 
chert  beds  of  Carboniferous  age  would  be  penetrated  before  reaching 
the  rocks  shown  in  fig.  19.  The  thickness  of  the  Carboniferous  rocks 
above  the  Ordovician  would  increase  with  the  distance  south  from 
Newport. 

GEOL.OGY  OF  THE  IIIGIIL.ANDS. 

ROCKS. 

As  the  rocks  of  the  highland  area  lie  in  a  practically  horizontal 
position  and  the  formations  are  of  wide  extent,  the  geology  of  the 
lx)rder  can  not  well  be  discussed  without  at  the  same  time  including 
that  of  the  entire  highland  area  of  the  northern  part  of  the  State. 
The  rocks  of  this  area  have  long  been  known  to  l)e  of  Paleozoic  age, 
the  divisions  represented  being  the  Ordovician,  Silurian,  Devonian, 
and  Carboniferous. 

ORDOVICIAN. 

The  Ordovician  rocks,  which  constitute  most  of  the  exposures  north 

of  White  River  within  the  area   considered  in  this  paper,  consist 

mainly  of  magnesian  limestone,  though  there  are  several  l)eds  of 

sandstone  and  some  ch(»rt  among  them.     Their  lower  limit  is  un- 
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Tinnt  hiBMitonA. 


iSAitfir  ^imMiioae. 
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known,  but  thit  it 
is  very  deep  is  dis- 
closed by  tbe  section 
of  a  well  'at  Cush- 
man,  heretofore  pub- 
lished by  the  Geolog- 
ical  Survey  of  Ar- 
kansas.*    This  weU 
passes  through  2/>4D 
.witheai-  feet    of    Ordovici^s^ 


]iiu>rihriHl<l<i4  gmy  Hd 

^anNi^ct  tffay  Mid  brown  IJmertonw.  with  dlwemlnfd    rOCKS  WlthOUt  rSSC^v 

>.witiidimMiiiii«tod|rndi»ofMiid  iniT  their  lowOT  lim^it* 

9  efaocolato-brown  Ifia— tone  wtth       ... 

As  this  section  r^P" 
resents  the  most  cooMA- 
plete   knowledge        9^ 
the    stratigrap^B^y 
available,  it  is  repi 
duced  here. 


)1(Uipt^4^ICr&y  Ul 

'    I  «e  r^-v  1 1 .  r^L  iinSnir  Into  rhocolato-brown  Ifiacrtone  wltti 
himiiarlT  dmwmlnatedgimliwof  Miid(Uf««t), 

MikH?i  ^-r  cliot  <Ltlato-browii  and  grmj  llmeatone. 
HiuwtYit  itntx  LIOMitone. 


Hawl  vr  jp«T  Umertone,  harder  than  the  last. 

[Kj^fftiriir  **u*lf  grmj  limeetone  (4  feet),  paadmr  at  Its  <■•«*««••.•«» 

[    L»M>ffib^  white  MndetonetU  feet).  SILURIAV. 

.-saniljr  Aark  tPfJ  limeetone. 

St.    Clair   fom^^^ 
tion.— The    Siluri-      •" 

M  AMI  VI  «rny  limeetone.  with  diMienilnatedirraina  of  Hand,  is  reprSSOntod  by  t        ^ 

nni' iTT" I futl  white  Bandrtone.  qj       /^i^:«.    ^^«.«»«*;— — — -tDIli 

Hnhci^  Uny  limeHtone.  runninfr  Into  fln(s«rnilni>d  white  ot.    ^lair    lOmianC^— -^ 

JMfrndmtiHnr'. 
Mafwjrp  c-hLiot»lat4^lfrown  limestone. 


Mhr-^rrfrliiivt    oaloareoae    grmj    limestone,   becomlnir 

(Mrtiit^r  « I.  the  baee. 


K&Mlte  irmjr  llmeHUme.   with  dlN«emlnat«Nl  (rralnii  of 

HAmr  AT.  iKjit,  With  (ftarMT  irralnii  of  Hand. 
Hju^lTie  irmjr  llm(>»t<>ne. 
riite-irntln^Mli  white  MndMtone. 

^f&tiuiiLvtgra7UnieKtnne.withdlHHeniinatedfn*alnMnri«an(l. 
Ktn^^frrainMl  calrareouH  nandHione. 


flne^rK^niwI  <:«l(>are4>UN  white  Mindtttone. 


Khaljr  <r«j  Mttient«>ne.  with  thin  Htrata  of  icreeii  Khale. 
jH^tihtt"^*  ^*^  ham.'  Into  n  iihaly  calcarvoUK  nandiitone. 


V«r5  flfir-tfritlned  calfareoun  Kray  MindKtone,  with  thin 
strata  Qf  black  Mhale. 


i^rtttm^icrty  llmeatone  to  iMme  of  borlnir. 


Fnj.  19. — Section  of  deep  well  at  ruRhman,  Ark. 


This  is  usually  of         * 
pinkish-gray     col^^^**^ 
and-   is    generall 
hi|?hly      crystallin 
Where     exposed 
commonly  shows  i 
heavy  layers  whicl 
as    Doctor    Hopkii 
observes,  have  profc^^^ 
ably    been    brougl^^ 
out    by    weathering!!?'' 
but  sometimes  it  ^^^ 
massive.      Its  max^^* 
mum    thickness,    i^-^ 
reported  by  Dr.  T.  C^- 
Hopkins,*  is  155  fee?' 
at  Penters  Bluff  oP 
White  River.     This 


•Ann.  Rept.  Geol.  Survey  ArkannaH.  IKOi),  vol.  1.  p.  118. 
•Ann.  Rept.  Geol.  Survey  ArkansaH,  ISIK),  vol.  4.  p.  214. 
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formatimi  extends  far  to  the  westward  from  the  longitnde  of  Moore- 
field,  but  does  not  occur  on  the  eastern  border  of  the  Paleozoic  area. 

DEVONIAN. 

Sandstone  lentil  of  Sylamore  formation. — ^The  sandstone  lentil  of 
the  Sylamore  formation,  where  observed  by  the  present  writer,  varies 
greatly  in  character  from  a  coarse-grained,  saccharoidal  sandstone, 
tlirough  a  black,  nodular,  conglomerate-like  rock,  to  black  shale. 
When  saccharoidal  it  is  specked  here  and  there  by  particles  of 
limonite,  which  have  resulted  from  the  alteration  of  iron  pyrite.  Its 
thickness  varies  greatly  within  short  distances,  and  in  places  it  is 
entirely  wanting.  This  formation  is  thought  by  Dr.  H.  S.  Williams 
to  belong  to  "  the  very  close  of  the  Devonian  and  the  beginning  of  the 
Carboniferous."  « 

CARBONIFEROUS. 

The  rocks  that  belong  to  the  Carboniferous  and  that  enter  into 
the  hydrology  of  the  eastern  Paleozoic  border  are  as  follows,  beginning 
with  the  lowermost:  St.  Joe  limestone  member  of  the  Boone  forma- 
tion, Boone  chert,  Moorefield  shale,  Batesville  sandstone,  Fayette- 
ville  formation,  Pitkin  (Archimedes)  limestone,  Morrow  formation 
(Boston  group),  and  Coal  Measures,  or  Pennsylvanian. 

The  first  four  of  these  belong  to  the  Mississippian  series.  The 
position  of  the  Pitkin  limestone  is  yet  doubtful,  but  the  probability 
is  that  it  also  belongs  to  the  Mississippian.  The  Boston  group  and 
the  Coal  Measures,  which  are  mapped  together,  ccmsist  of  400  feet 
of  sandstone  and  shalo,  containing  at  least  one  and  probably  two 
beds  of  limestone. 

St,  Joe  limeHtonc  meinh('i\  Boone  formation. — The  lowest  member 
of  the  Carlwniferous  is  the  St.  Joo  marblo,  a  more  or  less  crystalline 
limestone,  varying  in  color  from  ^ray  to  red,  usually  thin  bedded, 
and  from  25  to  50  f(H»t  thick.  This  formation  has  not  been  observed 
along  the  eastern  l)or(ler  of  the  Paleozoic  area. 

Boone  chert, — The  Hoone  chert,  which  lies  above  the  St.  Joe 
member,  is  over  800  feet  in  thickness.  It  is  essentially  a  ted  of 
limestone,  in  places  quite  crystalline,  containing  a  large  amount  of 
chert  in  lenses  parallel  with  the  IxMlding.  The  relative  amounts 
of  calcareous  material  and  chert  vary  greatly,  lx)th  horizontally  and 
vertically.  In  places  the  formation  is  chiefly  limestone,  while  in 
others  the  chert  constitutes  practically  the  entire  mass.  So  abundant 
is  the  chert  in  all  j)laces  where  this  formation  is  exposed  that  a 
large  amount  of  detrital  nuiterial  occurs  on  the  surface  as  a  residual 
product  left  from  the  solution  by  underground  water  of  the  calcare- 
ous material  with  which  it  is  associated.     The  calcareous  beds  are 
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penetrate  by  numerous  joints,  which  in  nuAj  plaoeB  hAM.bni 
enlarged  by  solution  into  caverns,  and  the  Aexty  partiomB  are  afarajs 
profoundly  fractured. 

Moorefield  shale. — Resting  upon  the  Boone  fommtioii  in  fbe  < 
cm  part  of  the  Paleozoic  area  is  a  bed  of  ebale  somewhat  more 
100  feet  thick.  This  formation  is  wedge-shaped,  Abinning  out 
ward,  and  is  wanting  in  the  central  and  western  parts  of  the  State. 
It  was  mapped  in  the  reports  of  the  Arkansas  Geologioal  Survey  as 
Fayctteville  shale  on  the  belief  that  it  was  in  the  same  stratigFaphie 
position  occupied  by  that  formation  in  the  western  part  of  the  State, 
where  it  is  typically  represented.  But  while  it  closely  wwwnMra 
the  Fayctteville  shale  it  differs  from  it  in  that  the  lamihs  are  thidDer, 
in  having  greater  resistance  to  atmospheric  action,  and  in  being  of 
a  duller  dark  color.  Hence  the  new  name  Moorefidd  shale  has  been 
adopted,  it  being  typically  developed  at  the  town  of  Moorefield. 

Bates  mile  sandstone. — Above  the  Moorefield  shale  is  the  Batesville 
sandstone,  which,  on  the  south  side  of  White  River  at  Batesville,  has 
a  thickness  of  something  more  than  100  feet.  It  lies  in  beds  whidi 
vary  from  a  few  inches  to  3  or  4  feet  in  thickness,  is  of  a  Inown 
iH)lor,  and  of  considerable  porasity.  Quarries  in  this  stone  famidi. 
beautiful  slabs  of  ahnost  any  thickness  and  size  desired.  This  forma- 
tion  gradually  thins  to  the  western  part  of  the  State,  where  it  is 
usually  only  a  few  feet  thick  and  in  many  places  is  entirely  absent 
This  is  the  same  sandstone  that  is  known  as  the  Wyman  sandstcme 
in  tho  reports  of  the  Arkansas  (leolo^ical  Survey.  •  As  the  Moore- 
field slmlo  is  absent  in  the  central  and  western  parts  of  the  State,  the 
Batesville  sandstone,  when  pres«»nt  there,  rests  directly  upon  Boone 
chert.  When  the  Hatesville  sandstone  is  absent  the  Fayctteville  shale 
rests  n])on  the  Boone  chert. 

F(ff/('f ferine  fon/Hftion. — The  Fayctteville  shale  is  of  wide  extent 
reachin*;  from  the  eastern  border  of  the  Paleozoic  area  westward, 
far  beyonil  the  borders  of  the  State.  It  is  seldom  less  than  25 
extent,  reaching  from  the  eastern  border  of  the  Paleozoic  area  west- 
ward, far  beyond  the  borders  of  the  State.  It  is  seldom  less  than  25 
feet  thick  and  in  nniny  places  exceeds  100  feet,  especially  along  the 
eastern  border  of  the  Paleozoic  area.  It  is  of  a  lively  dark  color, 
very  tliinly  laminated,  easily  broken  down  nnder  atmospheric  in- 
fluences, is  intersc»cted  by  numerous  clean-cut  joints,  and  contains  a 
great  many  concretions  of  large  size.  Though  of  wide  east-\vest 
extent,  it  is  of  uniform  nature  throughout.  Ind(HHl,  the  uniform 
lithologic  character  of  th(»  different  formations  constituting  the  Paleo- 
zoic rocks  of  northern  Arkansas  is  one  of  the  features  of  the  geology 
that  most  strongly  impress  themsi»lves  upon  the  observer  in  the  field. 

Pifh'in  (Anhtmedcx)  IhtirxfoHr. — The  Pitkin  limestone,  which  in 
the  eastern  and  central  parts  of  the  Paleozoic  area  rests  upon  the 
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Fayetteville  shale,  is  usually  from  10  to  20  feet 
thick.  But  in  the  eastern  part  of  the  region,  be- 
tween Salado  Creek  and  (xoodey  Creek,  it  is  100 

feet  thick.     As  a  rule,  it  is  composed  practically  , 
entirely  of  calcareous  matter,  but  in  places  contains 
enough  siliceous  matter  to  give  it  the  appearance 

of  the  Boone  chert  \ 

As  above  stated,  there  is,  in  the  eastern  part  of  j 

the   Paleozoic  area   above  the   Pitkin   limestone.  ► 

about  400  feet  of  sandstone  and  shale,  including  a  ; 

small  amount  of  limestone.     This  is  mapped  to-  i 

gether   as  the   Boston   formation   and   the   Coal  : 

Measures.  < 

t 

STRUCTURE  OF  THE  HIGHLANDS. 

< 

The  structure  of  the  northern  part  of  the  region  »•    „    Mil  f  x 

is  on  the  whole  quite  simple,  the  I)eds  dipping  \ 

southward  at  a  low  angle,  this  dip  being  disturbed  | 

locally  by  faults  of  greater  or  less  throw,  and  by  i 

small  flexures.     In  the  flexuring  some  of  the  more  ; 

brittle  rock,  especially  of  the  Ordovician  area,  suf-  ] 

fered  a  great  deal  of  fracturing,  producing  brec-  j 

ciated  belts  of  greater  or  less  width.    The  accom-  \ 

panying  section  through  BatesviHe  to  the  summit  ; 

of  the  Boston  Mountains  (fig.  20)  gives  a  general  ; 

idea  of  the  structure  and  stratigi^aphy  of  the  re-  i 

gion.     That  portion  of  the  stH'tion  south  of  Bates-  \ 

ville  represents  the  structure  and  stratigraphy  as  ; 

determined  by  the  writer.     That  north  is  adapted  | 

from  a  section  by  Dr.  K.  A.  V.  PiMirose,  jr."  i 

South  of  the  Boston  Mountains,  near  the  lati-  : 

tude  of  the  town  of  Beehe,  the  usual  south  dip  of  j 

the  rocks  is  succeeded  by  east-west  anticlinal  and  \ 

synclinal  folds.     Thes<»  folds  are  the  result  of  the  \ 

northward-diminishin<r    tan«rential    force    which,  [ 

south    of    Arkansas    Kiver,    is    expressi^d    in    the  i 
Ouachita  Mountains. 

PAIiEOZOlC-TKRTIARY  CX)XTACT. 

PAIJiiOZOIC'    ESCAKP.MENT. 

The  Paleozoic  escarpment  along  the  line  of  the 
Paleozoic-Tertiary  contact  has  already  been  alluded  to  under  the  head 
of  "  Topography  of  tlu*  highlands.''     This  escarpment   is  of  such 

«  (fOol.  Survey  Arkansas.  1890,  vol.  1,  pocket  map. 
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nature  as  to  make  it  certain  that  during  Tertiary  timt?,  when  tke 
wnk'rs  nf  tho  (lulf  of  Mexico  roveivd  idl  of  ^Yllat  i^  now  thc^  Inwlurnl 
Rit^a  of  tilt'  Stati?,  the  plati'tiu  port  ion  of  tiio  Pak^ozoic  aira  tisrminated 
along  the  ^rashore  in  Wld*  high  cliff.^,  whik^  the  ^aj^t-wesit  ridges  of 
the  regioji  to  tin*  S4>tith  pro  jet- ted  iiUo  tlu*  s<*u  ns  t*ii|H*s. 

Fig.  21  slunvs  the  gt^ueral  rehitioi^s  of  tiie  rockh  of  the  two  diffeivnt 
ngeH.     It  will  be  iiuticed  by  an  insi>ection  of  tliiis  figiirt*  that  tb*' 
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Fro,  21. — ^Se^-tloti  ftOIM  tkild  Knob  eastward  to  Au^stn,  Ark.     tr^.  W<*!L 

Paleozoic  ix>L'ks  pass  at  a  high  angle  beneath  those  of  later  age,  TK" 
fc^anie  thing  in  shown  by  the  t^e^^tion  at  Newark  (fig.  25,  p.  109 d  ari^ 
many  other  similar  ^iections  might  be  produced. 

08CIIXATI0N8   DURING   TERTIARY   TIME, 
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The  alKive-men tinned  sections,  together  with  the  steep  nature  ^      ^* 
the  Paleozoic*  esrarpment  in  many  places,  indicate  that  the  shore  li*^    -^^ 


Fig.  22. — Diagram  showing  encroachment  of  the  sea  upon  the  land  as  n  result  of  li 
subsidence.  «,  I'osition  of  the  shore  line  before  subsidence ;  r,  positliuD  nftor  sabitJdeni 
rr\  amount  of  subsidence ;  sr,  the  transgression  of  the  sea  upon  the  land  fl»  a  reiialt 
the  subsidence. 

must  have  remained  at  about  the  present  level  of  the  lowlands  fo^^ 
some  time — long  enough  for  the  wave  action  to  have  worn  awaw 
the  Paleozoic  rocks  to  their  present  form.    On  the  other  hand,  th^^ 
slope  of  the  part  of  the  Paleozoic  escarpment  above  the  line  of  con-- 
tact,  over  which  the  plateau  gravel  is  distributed,  is  so  gradual  as  tc^ 
permit  wagon  roads  over  it.    At  some  time  during  the  Tertiary;  pmod 
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the  Paleozoic  region  mii.st  have  subsided  to  a  point  at  least  500  fe 

lower  than  its  pn.^st'nl  hi'iglit,  iViitt  InMii*^  the  height  alnive  sea  lev 
of  the  upptT  limit  of  the  gniveL  Thi^  will 
be  understot»d  by  an  inKptx^tion  of  fifr,  22.  If 
the  shore  line  remains  stationary  for  some 
time  a  terrace  will  Im  prmluced,  as  is  shown 
at  s;  but  if,  after  subsidence  begins,  it  con- 
tinues ais  a  gradual  uiovement,brin«:ing  aliout 
a  constant  shifting  of  the  sliure  line  hind- 
ward,  then  at  most  but  faint  terracing  will 
take  place*  The  writtT  oiiserved  iu>  terraces 
over  the  iTgion  of  the  plateau  gravcK  though 
it  would  not  l>e  surprising  if  more  careful 
search  should  lead  to  their  discovery*  At 
any  rate,  the  topography  of  the  plateau 
gravel  indieat*^  that  there  was  a  gradual 
transgit^ssion  <>f  the  Tertiary  sea  westward 
from  alnnrt  the  present  margin  of  the  low- 
lands until  the  region  sank  otXJ  feet  below 
its  presit^nt  level,  after  which  it  was  ix^le- 
vated.  It  is  altogether  reasonable  to  assume 
that  at  least  a  part  if  not  all  of  the  gravel  was 
formed  at  the  time  of  the  upward  impulse*  as 
a  reiiult  of  the  rejuvenation  i>f  the  streams. 
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8THUCTURAL  RELATIONS  OK  THE  PALOJZOIC  AND 
LATEU    FOUMATIONS. 

The  stratigniplnc  relations  of  the  Paleo- 
zoic and  younger  ft>ruuitlcuis  may  be  seen  by 
an  inspection  of  tigs.  21,  22.  2*i,  and  25,  The 
origin  of  these  relations  will  be  underst<xid 
when  it  is  recalled  tbat  the  ohler  njcks  for- 
merly extended  eastward  and  joined  iaito  the 
same  rocks  in  tliti  higtdands  Ix^yond  Mis- 
sissippi River  and  Mere  worn  away  by 
streams  and  wave  action  luitil  their  trunca- 
ted edges  occupied  their  present  position, 
after  which  tbe  younger  f*u*niations  were 
laid  down  upon  thenj,  abutting  against  their 
truncated  tnlges.  It  will  Ix^  noticed  that  in 
an  east -west  section  tlie  rocks  of  both  ages 
are  practically  horizontaL  It  has  already 
been  stated  that  the  general  dip  of  the  Paleozoic  rocks  is  south- 
ward.   This  and  the  fact  that  the  line  of  contact  between  the  Paler 
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zoic  and  the  younger  rocks  is  northeast-southwest  faringB  the  eUkr 
rocks  under  the  younger  along  the  north-south  line,  as  shown  in 
fig.  28. 

UKDERGROUKD  WATER  RIB^OUBCES. 

OBNBRAL  STATBMBNT. 

By  underground  water,  or  ground  water,  is  meapt  the  water  in  tlie 
rocks  of  the  earth,  whether  those  rocks  consist  of  indurated  or  loose 
material.  The  source  of  all  water  of  the  land  is  tlie  ocean,  from 
which  it  is  carried  by  the  winds  in  t&e  form  of  vapor  and  precipitated 
from  the  atmosphere  as  rain,  snow,  hail,  and  sleet  Falling  upon  the 
earth,  a  part  of  this  water,  which  collectively  is  known  as  meteofk 
water,  enters  the  ground,  and  in  so  doing  becomes  ground  water. 
Another  part  flows  off  over  the  surface  and  is  known  as  run-off. 
Whether  a  particle  of  water  becomes  ground  water  or  run-off,  it  m 
either  case  at  once  seeks  its  way  back  toward  the  ocean.  This  is  as 
true  of  the  ground  water  as  of  the  run-off,  though  the  usual  vdocily 
of  the  former  is  much  less  than  that  of  the  latter.  Indeed  at  timeB  it 
may  be  nil. 

The  relative  amounts  of  nm-off  and  ground  water  depend  upon  a 
great  many  things,  among  which  are  the  slope,  the  character  of  the 
surface  material,  the  presence  or  absence  of  vegetation,  and  the  time 
distribution  of  the  rainfall. 

A  steep  slope  is  conducive  to  a  large  run-off  and  a  small  amount  of 
ground  water;  a  flat  slope,  to  a  small  run-off  and  a  large  amount  of 
ground  water.  A  thin  soil  is  conducive  to  a  large  run-off  and  small 
amount  of  ground  water;  a  thick  soil,  to  a  small  run-off  and  large 
amount  of  ground  water.  Absence  of  vegetation  is  conducive  to  a 
large  run-off  and  a  small  amount  of  ground  water;  the  presence  of 
vegetation,  to  a  small  run-off  and  a  large  amount  of  gi'ound  water. 
Compact  rocks  are  conducive  to  a  large  run-off  and  a  small  amount 
of  ground  water;  porous  ones,  to  a  snlall  run-off  and  a  large  amount 
of  ground  water.  Torrential  rainfalls  are  conducive  to  a  large  run- 
off and  a  small  amount  of  ground  water;  slow  rains,  to  a  small  run-off 
and  a  large  amount  of  ground  water. 

Favorable  conditions  for  the  occurrence  of  ground  water  are  those 
in  which  porous  rocks,  as  sandstone,  are  exposed  at  the  surface  and 
are  underlain  by  close-textured  rocks,  as  shale.  An  area  of  porous 
rocks  so  exposed  is  kuow^n  as  a  catchment  or  collecting  area. 

The  upper  limit  of  saturation  of  the  rocks  is  know^n  as  the  water 
table;  otherwise  as  the  ground-water  level,  or  th(»  ground-water  sur- 
face. All  the  rocks  l>eneath  the  surface  within  a  limited  area  may 
contain  all  the  water  they  are  capable  of  holding;  the  water  table  is 
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then  either  at  the  ground  surface  or  above  it,  iii  the  latter  case  pro- 
ducing ponds.  Or  there  may  be  a  zone  of  rock  in  which  there  is  but 
little  water,  this  zone  being  bounded  by  the  ground  surface  above  and 
the  water  surface  below ;  such  a  zone  varies  in  thickness  in  different 
localities  and  in  the  same  locality  with  the  wet  and  dry  seasons. 
Wells  sunk  into  the  ground  below  the  water  table  fill  up  to  it. 
Streams  that  have  cut  their  valleys  below  the  water  table  drain  off 
the  ground  water,  which  issues  as  seeps  and  springs. 

In  a  region  like  the  lowland  area  of  Arkansas,  where  the  surface  is 
level  and  the  material  constituting  the  sediments  is  loose  and  sandy, 
the  water  table  is  well  defined  and  is  practically  parallel  with  the 
surface.  But  in  a  hilly  region  of  consolidated  rocks  it  is  usually 
poorly  defined  and  conforms  to  the  surface  only  in  a  general  way. 
Usually  it  is  farther  from  the  surface  on  the  hills  than  in  the  val- 
leys; so  that,  as  a  rule,  wells  on  hills  are  of  necessity  deeper  than 
those  in  adjacent  valleys. 

The  amount  of  water  that  a  formation  contains  depends  upon  a 
great  many  things,  among  which  are  its  thickness,  porosity,  relation 
to  other  beds,  and  the  amount  and  time  distribution  of  the  rainfall. 
It  goes  without  saying  that  if  all  else  is  equal  a  thick  formation  is 
a  bettei^  source  of  water  than  a  thin  one;  also  that  a  porous  formation 
is  a  better  water  producer  than  a  less  porous  one.  Sandstones  and 
pudding  stones  contain  a  great  deal  of  water  under  favorable  condi- 
tions; loose  sand  and  gravel  contain  more;  shale  and  clay,  being  close 
textured,  neither  hold  much  nor  permit  the  passage  of  much  through 
them. 

Limestones  are  usually  compact  in  hand  specimens,  but  in  the  beds 
they  are  jointed,  the  joints  frequently  havin«i:  In^en  greatly  enlarged 
by  the  solvent  power  of  the  water  that  finds  its  way  through  them. 
So  that  a  formation  of  limestone  resting  ujMm  a  bed  of  shale  is 
almost  certain  to  be,  as  in  the  case  of  sandstone  similarly  situated,  an 
important  water  producer. 

UNDERGROUND  WATER  OF  THE  HIGHLANDS. 

As  already  stated,  the  rocks  ot  the  Paleozoic  area  consist  of  a  preat 
thickness  of  Ordovician  limestone,  upon  which  is  superimposed,  in 
the  eastern  part  of  th(»  area,  sandstonc^s,  shales,  and  limestones  aggre- 
gating 1,100  feet  or  more  in  thickness.  Among  these  rocks  along  the 
eastern  border  there  are  four  important  water  horizons. 

OKDOViriAN. 

The  lowest  of  thesi^  in  the  geologic  column  is  in  the  great  deposit 
of  Ordovician  limestone  which  is  sj^read  over  a  considerable  area  in 
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the  northern  part  of  the  State.  As  the  topography  of  this  region  is 
somewhat  old,  the  former  steep  slopes  having  been  worn  olBT  into  more 
or  less  rounded  ones,  and  as  the  rocks  themselves  are  considerably 
fracrtured  along  lines  of  folding,  permitting  the  water  to  enter,  the 
conditions  are  such  as  to  result  in  a  considerable  supply  of  ground 
water. 

This  water  issues  as  springs  along  those  courses  where  denudation 
has  brought  the  stream  valleys  Ix^low  the  ground-water  level.    Welk 
an*  not  unconnnon,  but,  as  the  water  table  is  frequently  some  distaiK* 
fyoui  the  surface  on  the  divides  l)etween  the  streams,  cisterns  are  fr«' 
(luently  resorted  to  for  water  supply.     An  additional  reason,  ha^' 
ever,  for  the  use  of  cisterns  is  found  in  the  fact  that  the  water  of  tl^^* 
region,  moving  as  it  dcK^s  almost  entirely  through  limestone,  is  vi*?'^ 
hard. 

The  most  common  method  of  sinking  wells  in  this  horizon  is    "^^ 
digging  and  blasting,  but  drilling  is  sometimes  resorted  to.     It  ''-^^'^^ 


Ik^  remembered  that  in  the  quest  of  water  in  limestone,  sue 
dej)ends  upon  striking  a  water-producing  fissure,  the  stone  being 
compact  as  to  prohibit  water  fnmi  moving  through  it  except  alo^^  ^^^ 
lines  of  fracture.  In  so  far  as  the  chances  of  striking  a  fissure  a  -^^ 
increased  by  increase  of  well  diameter,  blasting  is  the  most  promisii:^^  ^ 
method;  l)ut,  on  the  other  hand,  the  chances  of  striking  a  fissure  a.  -^!3,i 
greater  in  a  d(»ep  well  than  in  a  shallow  one,  and  as  the  cost  of  dril^  -^ . 
ing  is  much  less  than  that  of  blasting,  the  former  method  is  advisab.^^^^ 


in  most  cases.     Especially  is  this  true  when  the  sanitary  advantage  -^^^ 
of  a  carefully  cased  drilled  well  over  an  oi)en  one  are  taken  into  coi  ^^ 
sideration. 

CAKBOXIFKROI  S. 

liofnic  fornHifion. — The  nc^xt  water-bearing  stratum  of  importanc''^^  ^ 
in  tlie  eastern  part  of  the  Paleozoic  area  is  in  the  Boone  formatioiT^ 
The  great  thickness  of  this,  together  with  the  much-fractured  char^^ 
actcr  of  its  chert  and  the  jointed  structure  of  its  limestone,  combin»  ^-^ 
to  make  it  the  most  important  water-l)earing  formation  in  the  Paleo^^^^'! 
zoic  region  of  northern  Arkansas.     Where  this  is  the  surface  rock^^  ^ 
the  limestone  of  the  np;)er  ])art  has  been  removed  by  solution,  bu'  ^^ 
the   insohil)le  chert    is  left   as  a   residue   upon  the  surface,  in  man>^^  '^• 
places  several  inches  thick.     In  such  places  this  chert  debris  largel}^^'^ 
reduces  tlie  run-oil'  and  by  so  much  adds  to  the  ground  water.     Th^^  ^ 
large  number  of  joints  in  the  limestone  permit  the  water  to  descend. 
and  the  fractured  nature  of  the  chert   lenses  allows  it  to  be  freeh    ^^ 
transmitted  horizontally. 

Along  the  courses  of  the  streams  which  have  cut  their  channel^^ 
into  this  chert  l)elow  the  water  table  issue  many  strong,  beautiful 
springs,  and,  except  on  the  high  divides,  an  abundance  of  water  can 
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lie  secured  from  it  by  cliggiug  wells.     A^  a  large  part  of  the  foruia'S 
tion  i^  chert  and  practically  insoluble,  the  wat^er  is  not  particiihirly 
hard. 

BafrnPiile  mnihione. — The  Uat«sville  saiid^tune,  lying  between 
the  M<M7refield  shale  l>elow  and  the  Fayetteville  formation  above,  is 
n  water-lx*aring  horizon  of  much  ituportaiice.  This  fnrmation  at 
Batesvillc  is  al>out  IfXJ  feet  thick*  It  is  the  surfaec  n>ck  over  a  cou- 
siderable  area,  and  lM*iiig  ot  a  poroiiR  nature,  collects  a  great  deal  of 
water  which  is  retained  l>eratist*  of  the  thick  lied  of  im]>ervioitH  slmle 
l)eneath«  Within  the  area  of  the  Biitesville  sandstone  tliat  formation 
furnislie8  practically  all  the  water  that  is  used.  It  was  the  sounn^ 
of  the  water  supjdy  ut  the  city  of  Batesville  ljef(»re  the  water  plant 
was  installed  there,  )Vells  sunk  almost  anywhere  in  this  rock  fur- 
nish water,  and  springs  emerge  from  it  along  the  stream  valleys. 
The  water  is  soft  and  well  adaptetl  to  domestic  uses. 

Pftk  hi  { A  rchim  edes )  I  Ime  nto  n  e . — Tl  le  ne  st  w  a  te  r  -  jjrcKl  ucing  sir  a  turn 
of  importance  is  the  Pitkin  limestone.  This  formation  lies  ut  the 
top  of  the  Fayettevillc  shale  (fig,  20)  and  iK'ticiLth  st»veral  hun- 
dred feet  of  sandstone  and  shah*.  It  is  considerably  jointed,  and 
this  fact  together  with  its  stratigraphic  position  makes  it  an  impor- 
tant spring  Iiorizon,  Its  jointed  natui"e  penuits  it  to  receive  the 
water  that  comes  from  above,  which  the  imixTvious  Fayetteville 
formation  prevents  from  e^scaptng  below,  so  that  springs  are  com- 
mon at  the  base  of  this  formation  on  the  hillsides  where  it  outcrops* 
As  might  be  ex[>ected,  the  water  is  hard. 

Monouf  far^mAition  {Boston  group)  and  Coal  Measures. — Along  the 
eastern  border  of  the  Paleozoic  area  there  are  400  feet  of  sandstone 
and  shale,  with  some  limestone,  above  the  Pitkin  limestone.  In  this 
there  are  several  water  horizons  of  minor  importance.  Near  the  top 
of  the  Boston  Mountains  the  sandstone  becomes  coarse  grained,  even 
approaching  a  conglomerate.  This  coai'se  character  of  the  rock 
makes  it  a  good  water  producer,  and  wells  are  common  even  on  the 
highest  parts. 

UNDERGROUND  WATER  OF  THE  LOWLANDS. 
ORIGIN    OF   THE    WATER. 

The  ground  water  of  the  Arkansas  lowlands  has  three  sources: 

(1)  That  which  sinks  directly  into  the  ground  from  the  rainfall; 

(2)  that  which  leaks  from  the  streams  flowing  from  the  Paleozoic 
region;  (3)  that  which  leaks  from  the  truncated  edges  of  the 
Paleozoic  rocks. 

Rainfall, — Though  no  data  is  at  hand  by  which  the  amount  sup- 
plied from  each  of  these  sources  can  be  approximated,  there  is  hardly 
a  doubt  but  that  the  principal  source  is  the  first  one  mentioned.    The 
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average  annual  rainfall,  according  to  the  reoprds  kept  by  the  Unitad 
States  Weather  Bureau  at  Newport,  extending  over  SBTerml  jetn, 
is  alM)ut  48  inches.  The  extremely  level  surface,  the*  open,  sandy 
nature  of  the  soil,  and  the  large  amount  of  sand  in  the'  recent 
.deposits  are  all  conducive  to  a  small  run-off  and  a  laige  amoont  of 
^ground  water.  While  a  large  portion  of  the  surface  of  the  lowlands 
is  of  a  clayey  nature,  it  is  sufficiently  porous  to  pormit  the  water  to 
^ass  through  it  into  the  sandy  beds  below.  That  portion  of  the  aree 
from  Newport  northward  and  extending  westward  to  Black  River 
is  very  sandy.  There  is  also  a  great  deal  of  sand  between  Newport 
and  Augusta  east  of  AMiite  River.  This  surface  sand  serves  as  a 
collecting  reservoir  in  which  the  rain  water  is  held  while  it  dowlj 
sinks  into  the  strata  beneath. 

Stream  leakage. — ^The  amount  that  is  supplied  by  stream  leafa^ge, 
while  i)n>blematical,  is  doubtless  large.  It.  is  a  matter  of  common 
observation  by  those  who  live  near  the  principal  streams  that  the 
wells  rise  and  fall  with  the  fluctuations  of  the  streams.  If  the 
statements  of  the  people  can  be  relied  upon,  wells  situated  several 
miles  from  Black  Hiver  and  White  River  are  thus  affected.    The 


Pin.  24. — Diagram  showing  the  inflltration  of  water  from  a  stream  Into  adjaceat  aandy  hti^ 

reasons  for  this  will  l)e  made  apparent  by  reference  to  fig.  24.     The 
unconsolidated  and  usually  sandy  nature  of  the  material  permits 
the  free  movement   of  the  water  either  toward  or  away  from  the 
river,  aecordin*;  to  the  slope  of  the  water  table.     WTiile  the  river  i^ 
at  the  height  u,  and  above  the  pMieral  level  of  the  ground  water,  th^ 
movement  will  be  from  the  river  outward.     During  such  times  an. 
enormous  amount  of  water  is  contributed  by  streams  to  the  region 
on  either  side.     When  the  level  of  the  stream  is  at  6,  below  the 
general    level   of   the   ^jround   water,   the   movement   is  toward   the 
stream,  which  is  then  changed  from  a  source  of  supply  to  a  line  of 
drainage;   but  as  the  surfaces  of  the  main  streams  are  seldom  more 
than  20  feet  below  the  country  on  either  side,  the  zone  which  they 
can  at  any  time  drain  is  limited  to  a  dej^tli  of  only  a  few  feet  from 
the  surface,  represented  by  the  line  nh. 

Leakage  from  the  Paleozoie  raekf<. — The  amount  of  water  supplied 
by  this  source,  while  probably  smaller  than  that  from  either  of  the 
others,  must  be  considerable.  The  edges  of  the  Paleozoic  rocks  are 
truncated  to  a  considerable  depth,  and  the  loose  dejwsits  abut 
against  the  truncated  edges.  (See  figs.  lO,  17,  21,  23,  and  25.)  With 
tliis  in  mind,  also  remembering  that  the  Tertiary-Paleozoic  line  of 
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contact  has  a  northeast-southwest  course,  and  that  the  Paleozoic 
rocks  dip  south,  it  will  be  seen  that  the  leakage  from  the  old  into  the' 
young  rocks  must  be  very  great. 


WATER  HORIZONS. 


There  are  but  three  areas  within  the  region,  aU  of  limited  extenty- 
where  well-defined  water  horizons  have  been  made  out  above  the 
Paleozoic  rocks.  These  will  be  designated  as  the  Newark,  Grand- 
glaise,  and  Sandhill  horizons. 


OCCURBENCB. 


Newark  horizon. — Attention  has  already  been  called  to  the  gravel 
at  Newark  as  a  source  of  water.  The  considerable  amount  of  this 
gravel,  its  unconsolidated  nature,  its  stratigraphic  situation  on  the 
Moorefield  shale,  and  its  location  on  the  border  of  the  highlands  from 
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Recent 


Fia.  25. — Section  at  Newark,  Ark.,  showing  relations  of  the  Moorefield  shale,  the  Newark 
Kravel  and  the  recent  deposits ;  also  the  occurrence  of  water  in  the  last  two. 

which  it  receives  the  drainage,  all  conibiiio  to  make  it  an  excellent 
water  reservoir.  AVells  sunk  into  this  gravel  produce  an  abundance 
of  excellent  water.     (Fig.  25.) 

Grandglnwe  horizon, — The  water  horizon  at  (iraiulglaise,  consist- 
ing of  a  bed  of  loose  sand  overlain  by  Tertiary  limestone,  has  alivady 
had  attention  under  the  head  of  '*  Springs."  It  is  probable^  that  this 
sand  is  underlain  by  clay,  though  no  exposure  was  ol)s(»rve(l  where  it 
could  be  seen. 

Sandhill  horhon, — In  the  Sandhill  area  there  is  a  well-defined 
water  horizon  above  the  IxmI  of  day  which  underlies  the  ridge.  (Fig. 
16.)  This  horizon  is  due  to  the  sandy  surface,  which  makes  it 
a  good  collecting  area,  to  the  porous,  sandy  nature  of  the  clay 
beneath  the  surface,  and  the  impervious  stratum  below.  Tt  is  from 
this  horizon  that  the  residents  of  the  area  obtain  wat(»r.  The  sandy 
clay  from  which  water  is  secured  has  the  property  of  standing  un- 
snpi>orted  for  many  years.  Wells  that  are  said  to  hav(»  Iwhmi  dug 
before  the  civil  war  and  left  without  walls,  except  a  few  feet  next 
the  surface,  are  still  in  an  excel h'ut  state  of  preservation.  Whether 
wells  are  dug  or  lx)red,  they  always  furnish  a  copious  supply  of  water. 
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Other  harhom. — The  gravel  bed  in  which  the  wells  at  the  Trum- 
hull  AVagon  Company's  plant  at  Walnut  Ridge  and  that  which  sup- 
plies water  for  the  Iron  Mountain  Railway  tank  at  Hoxie  are  suri^ 
probably  represents  an  inipoi*tant  local  horizon  from  which  it  would 
be  advisable  to  seek  water.     These  wells  are  60  and  62  feet  desepi 
ivsjwctively.     It  would  not  be  a  difficult  matter  to  drive  wells  into 
this  gravel  which  would  furnish  an  abundance  of  water  for  family^ 
hotel,  or  stock  purposes. 

Unfortunately  the  nunil)er  of  deep  wells  is  not  sufficient  to  det^*"" 
mine  the  extent  of  this  gravel  bed.     The  well  which  supplies  the  rai*^' 
road  tank  at  Alicia  is  said  to  be  75  feet  deep  and  to  extend  in-**^* 
gravel  for  14  feet.     This  is  probably  the  same  gravel  that  occurs     ^^ 
Walnut  Kidge  and  Hoxie.     At  Newport  there  ai-e  two  bored  wel  ^^ 
In^longing  to  the  Newj^ort  Ice  and  Cold  Storage  Company,  97  and  1  ^^"^ 
feet  deep,  resjKictively,  but  from  neither  of  these  is  gravel  reported. 

LACK   OF   DEFINITION    OF    HORIZONS. 

Aside  from  the  above-mentioned  water  horizons,  none  of  mo^        -^ 
than    local    importance    were    determined.     The    whole    ground 
thoroughly  saturated  with   water  from  within  a   few  feet  of  tl 
surface  downward.     Most  of  the  material  within   100  feet  of  ti 
surface  is  sand,  which  allows  the  water  to  move  freely  through 
when  the  conditions  for  movement  are  supplied.     Wliile  this  sa 
contains  l>e(ls  of  clay,  thes<»  are  of  local  extent  and  occur  at  differei*^ 
levels,  so  that  there  is  nothing  to  juvvent  the  free  commingling  (^-^ 
}ill  parts  of  the  ground  water,  especially  where  a  portion  of  the  wate^"*^ 
from  a  considerable  distance  below  the  surface  is  removed,  as  is  th- 
case  in   pumping  from  deep  wells.     The  removal  of  water  in  con 
si(lerMl)le  amounts  from  wells  causes  a  more  or  less  rapid  flow  fron 
jihove  and   about    tlie  point   of  removal.     Tlie  deeper  the  well  thc^ 
^rreater  the  area  (h'ained  and  the  more  water  involved  in  the  move — ' 
nient.     For  tliese  reasons  no  distinct   horizon   of  any  considerable^^ 
extent  from  whicli  the  water  is  materially  different  from  that  above^^ 
or  l)(»]o\v  is  to  be  expectetl. 

The  reason  for  want  of  definition  of  water  horizons  within  the  art»a  -^ 
will  l)e  better  unch'rstood  when  the  manner  of  dej)()sition  of  most  of"^ 
the  material  in  which  wells  are  sunk  is  recalled.  This  is  of  Recent 
age  ( fig.  lil.  p.  MYl)  and  is  stream  deposit.  It  was  built  up  by  the  over- 
flow of  streams  and  the  consecpient  (lei)osition.  The  ditlerenc^  that  is 
found  in  the  cliaracter  of  material  beneath  the  surface  at  the  .same 
level  is  precisely  like  that  in  the  surface  of  flood  plains — sand  here 
and  clay  there.  As  the  streams  shifted,  now  to  one  sid(»  and  now  to 
the  other,  the  character  of  the  material  at  all  points  changed,  so  that 
ImmIs  of  sand  and  clav  have  come  to  alternate. 
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The  gTQnt  variation  in  iht*  diaractcr  of  tlie  deposits  witlun  short 
disitances  may  Jx*  seen  from  B^.  :3U  sind  27,  which  show  HectiuiiH  at 
Tui>elo  and  at  Weldon  and  Auver^ie. 

CHEMICAL   CHARACTER   OF   THE  WATER* 

In  the  absence  of  analyses,  it  is  possible  to  give  only  the  general 
character  of  the  wattn\  The  water  o%er  the  lowland  regioD  is  in 
nearly  all  easels  reported  as  hard*  Only  the  eonipanitively  small 
nil ni tier  of  wells  that  are  in  sii[>erfidal  sand  deposits  produce  soft 
water.  The  residue  from  evaporation  around  the  valves  of  boilera 
freqnently  contains  a  great  deal  of  common  salt.  Some  of  the  wxdls 
I  between  Bahl  Knob  and  Augusta  eontiun  so  much  sidt  as  to  render 
the  w^ater  unfit  for  drinking  pur|K)ses.  Most  t>f  the  water  forms 
a  siHun  of  hydroxide  of  iron  on  the  surface  after  ss  land  lag  a  few 
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hours,  and  a  yellowish  stain  of  the  same  material  lines  vessels  in 
which  water  from  almost  any  of  the  wells  is  used.  The  amount  of 
organic  matter  contained  in  the  water  is  great  in  many  cases. 

The  character  of  the  water  varies  greatly  with  depth.  Also  it 
often  varies  greatly  in  short  horizontal  distances.  Frequently  w^ells 
of  a  given  depth  furnish  fairly  good  water,  while  those  near  by, 
either  shallower  or  deeper  or  of  the  same  depth,  supply  water  which 
is  unfit  for  use.  The  difference  in  the  character  of  the  water  from 
different  depths  is  explained  by  the  vertical  variation  in  the  character 
of  the  beds.  The  difl'erence  in  the  character  of  w-ater  in  wells  which 
are  close  together  and  of  the  same  depth  is  accounted  for  in  the 
horizontal  variation  of  the  beds  (fig.  28).  It  is  a  common  thing 
for  two  wells  to  be  situated  near  together,  the  water  of  one  being 
good,  while  that  of  the  other  can  scarcely  l^e  used  on  account  of  the 
large  amount  of  iron  and  organic  matter  contained  in  it.  This 
difference  of  the  water  within  short  distances  is  so  well  known  to  the 
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residents  that  often  when  bad  water  is  secured  the  pipe  is  ^  piiDed'' 
and  driven  in  another  place  near  by. 

This  great  difference  in  the  character  of  the  water  within  short  dis- 
tances results  from  the  manner  of  deposition  of  the  materiAL  A 
detailed  map  of  the  region  would  show  hundreds  of  doughs,  which 
are  abandoned  channels  of  streams.  The  water  in  theee  sloughs  is 
stagnant,  and  the  borders  are  lined  with  aquatic  plants  which  annu- 
ally die,  adding  their  material  to  the  mud  of  the  bottraau  Besides 
the  plants,  these,  sloughs  all  contain  a  large  amount  of  driftwood 
and  are  favorable  places  for  the  accumulation  of  iron  ore  in  greater 
or  less  amounts.  Hundreds  of  such  sloughs  have  beccMne  buried  by 
the  flooding  of  adjacent  streams,  there  being  nothing  left  <hi  the -sur- 
face to  indicate  their  presence  beneath.  The  organic  matter  in  these 
buried  sloughs,  absent  from  the  atmosphere,  reduces  the  insoluble  iron 
compounds  to  soluble  forms,  which,  together  with  ^  organic  adds 
from  the  decay  of  the  vegetable  matter,  are  taken  up  by  the  water; 
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FiQ.  28. — Diagram  showing  burled  sloughs.  Wells  at  a  and  b  wonM  ftanlA  w«t«r  con- 
taining Iron  and  organic  matter.  The  well  at  c  would  fumisli  comparatively  pure 
water. 

SO  tliat  a  well  driven  into  one  of  these  buried  sloughs,  as  shown  in 
fi^.  *JS,  would  funiisli  water  unfit  for  use,  while  another  near  by 
might  furnish  comparatively  <roocl  water. 

I  SKS    OF    TlIK    WATKH. 

The  inhabitants  of  the  ri^gion  ih^pend  wholly  upon  the  water  that 
can  l)e  secured  at  their  doors  for  domestic  and  stock  purposes.  The 
cities  that  have  waterworks,  such  as  Newport,  Au*z:usta,  Argenta,  and 
Jonesboro,  get  their  water  from  wells.  Rat(»sville  uses  water  from 
WluUi  Kiver. 

The  lumber  and  other  manufacturing  industries  of  the  region  de- 
mand a  large  amount  of  water  for  boil(»r  i)urp()ses.  Unfortunately, 
all  the  water  forms  more  or  less  scale*  in  the  boilers,  and  in  some  cases 
it  is  found  advisable  to  resort  to  the  us(»  of  boiler  compounds  to  pre- 
vent this.  The  most  troublescune  scale  is  that  formed  from  a  com- 
bination of  fine  siMliment  and  the  calcium  and  magnesium  precipi- 
tated from  boiling. 

At  Lonoke  exjieriments  have  been  made  in  rice  culture  on  a  small 
scale,  using  water  from  wells  for  ii-rigation.  Should  the  climatic 
and  soil  conditions  be  found   favorable  to  this  culture,  no  reason 
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exist-s  why  it  i^houlil  not  liecome  an  im[iortant  industry,  for  there  is  as 
abundance  of  water  for  irrigation. 

SrRINGS, 

The  nim^tber  of  springs  witliin  the  lowland  area  is  so  Hmited  that 
for  all  priieti(*a!  piirpos<\s  tliey  might  \w  left  out  of  con  si  deration  as 
water  producers,  Tliere  are  btit  three  Iat*alities  vTithin  the  lowhuids 
where  springs  occur,  viz,  at  Newark,  Grandglaiiie,  and  the  Sand- 
hill area  east  of  the  towns  ot  Austin  and  Cabot.  The  limited  nnm- 
l>er  of  springs  is  due  to  the  usually  level  surface  of  the  region,  the 
horizontal  position  of  the  beds,  and  the  shallow  stream  valleys.  The 
sprinp^  at  the  l()calitie.s  nientioncil  issue  from  erosion  remnants,  the 
edges  of  whose  horizontal  beds  outcrop  alxive  the  adjacent  areas* 

As  previously  stated,  the  town  of  Newark  is  situated  upon  a  heavy 
deposit  of  gravel,  prabably  of  post-Tertiary  age.  This  gravel  is  an 
excellent  source  of  water,  as  it  rests  directly  upon  the  Moorefield 
fihale,  which,  lK>i»ause  of  its  inii)ervious  nature,  prevents  the  water 
from  sinking  (fig.  ::>5,  p.  1010-  I"  the  eastern  part  of  the  town,  at  the 
base  of  the  gravel  and  the  top  of  the  shale,  there  are  several  springs^ 

At  Grandglaise  a  spring  of  considerable  strength  issues  from  a  bed 
of  loose  sand  lM:*iieath  the  Tertiary  limestone  and  just  above  the  level 
of  the  lowlands  to  the  east.  There  is  another  spring  at  the  same 
horizon,  about  half  a  mile  south  of  Grandglaise  station, 

ICast  of  the  towns  of  Austin  and  Cabot  are  several  springs  which 
issue  from  the  slopes  of  the  ridges  on  tlie  east,  north,  and  west  sidei>. 
Among  theses  are  the  Camp  Grounds  Spring,  NW.  \  sec.  22;  Crab 
Tree  Spring,  sec.  9;  and  some  four  or  five  springs  in  sec.  16 — all  of 
them  in  T.  4  N.,  R.  0  W.  As  will  be  seen  from  fig.  16  (p.  93),  the 
Sandhill  area  is  underlain  by  a  bed  of  clay  near  the  base,  which,  being 
impervious,  causes  the  water  to  flow  out  on  the  hillsides  as  springs. 

WELLS. 
CHARACTER    OF    WELLS. 

A\Tiile  but  few  springs  occur  within  the  region,  there  is  no  limit  to 
the  possible  number  of  wells.  The  ease  with  which  water  can  be 
secured  from  wells  anywhere  within  the  region  causes  them  to  be 
resorted  to  for  water  even  in  the  few  localities  where  springs  occur. 

The  deepest  wells  that  have  l)een  sunk  in  the  region  are  in  the 
neighborhood  of  100  feet.  However,  there  are  but  few  places  where 
water  can  not  Im?  secured  within  20  feet  of  the  surface.  Usually 
where  wells  have  been  sunk  to  a  greater  depth  than  30  or  40  feet, 
it  has  been  with  the  reasonable  assumption  that  the  quality  of  water 
improves  w  ith  (lej)th  and  not  because  there  was  an  insufficient  supply 
near  the  surface. 
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However,  the  advantage  of  a  well  which  terminateB  in  gravel  om 
one  that  stops  in  sand  within  a  few  feet  of  the  gravel  is  in  the  fiut 
that  its  open  nature  permits  a  free  flow  of  water  to  take  the  plaoe  of 
that  pumped  out — a  flow  sufficient  to  supply  the  demands  for  any 
purpose — and  in  that  all  possibility  of  sand  entering  the  pipe  is  pre- 
cluded.   There  is  no  reason  to  believe  that  the  quality  of  water 
obtained  from  the  gravel  is  any  better  than  that  from  the  sand  imme- 
diately above,  with  the  exception  that  the  former  is  free  from  sedi- 
ment, for  the  two  contain  the  same  bed  of  water.    Water,  of  course, 
from  near  the  surface  is  less  suitable  for  domestic  purposes  than 
water  from  greater  depths,  but  the  difference  between  the  water  from 
the  gravel  and  that  from  a  few  feet  away  is  certainly  very  litUe. 

METHODS  OF  SINKING  WELLS. 

Formerly  the  only  means  of  securing  water  Vas  by  digpng  open 
welLs.  While  a  good  many  dug  wells  are  still  in  use,  that  means  of 
seeking  water  has  been  succeeded  by  driving  and  boring.  Driving 
ordinarily  necessitates  but  a  few  feet  of  iron  pipe,  a  driving  point, 
a  pump,  and  a  few  hours'  work.  The  pipe  is  sometimes  of  common 
iron,  sometimes  galvanized,  and  is  usually  1}  inches  in  diameter. 


Fia.  20. — Style  of  drive-well  point  commonly  uMd. 

The  point  is  made  of  perforated  gas  pipe,  covered  with  brass  wire 
cloth,  usually  00,  80,  or  100  mesh,  and  protected  by  a  perforated 
brass  jacket.  The  pump  is  usually  of  the  style  known  as  the  "  pitcher 
pump.'- 

Bored  wells  are  in  most  cases  8  inches  in  diameter,  the  water  being 
raised  by  a  windlass  and  cylinder  bucket  with  a  valve  at  the  bottom. 

A  few  windmills  are  in  use,  but  water  for  domestic  purposes  is 
connnonly  raisc^d  by  hand. 

\Miether  Iwring  or  driving  is  resorted  to  seems  to  be  a  matter  of 
local  custom.  In  the  southern  part  of  the  region,  between  Hickory 
Plains  and  West  Point,  nearly  all  the  wells  obsiTved  by  the  writer  aJre 
lx)red,  though  there  is  no  apparent  reason  why  they  should  not  as  well 
have  lx»en  driven.  In  the  northern  half  of  the  region  a  bored  well 
is  seldom  seen,  except  in  those  cases  where  a  large  amount  of  water 
is  desired  and  where  the  wells  are  of  considerable  depth.  In  all 
parts  dug  wells  are  occasionally  met  with,  but  since  the  advent  of 
the  iron  pipe  and  "pitcher  pump"'  the  relative  number  of  these  is 
constantly  decreasing. 

An  ingenious  method  of  sinking  deep  wells  is  employed  by  Mr. 
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H.  F.  Close,  of  Bismarck,  Mo.  Into  a  piece  of  pipe  of  the  desired 
size  is  fastened  a  trillngular  bit,  as  shown  in  fig.  80.  A  cap  is  screwed 
onto  the  upper  end  of  the  pipe,  to  which  is  attadied  a  hose  with 
swivel,  permitting  the  pipe  to  be  turned,  auger-like,  by  a  hand  lever 
attached  to  the  top,  by  which  process  the  bit  cuts  down  through  the 
loose  material.  At  the  same  time  water  is  forced  through  the  hose 
and  down  the  inside  of  the  pipe  by  a  steam  pump,  thus  moving 
the  material  loosened  by  the  bit  and  carrying  it  upward  around  the 
outside  of  the  pipe  to  the  surface.  By  this  method  it  is  claimed  a 
well  can  be  sunk  at  the  rate  of  12  or  15  feet  an  hour. 


CAPACITY  OF   WELLS. 


The  amount  of  water  that  can  be  supplied  by  almost  any  well 
within  the  lowland  area  is  limited  only  by  the  capacity  of  the  pipe. 
When  a  great  amount  of  water  is  needed,  either  a  large  pipe  is  used 
or  the  number  of  wells  is  increased  until  the  desired  amount  is 


Fio.  30. — Diagram  showing  an  Ingenious  method  employed  In  sinking  deep  wells. 

secured.     An  idea  of  the  amount  of  water  available  within  the  region 
can  be  secured  from  the  following  table  of  so-called  deep  wells: 


Drrp  treUff  in  nort/irni  ArkansaM. 


Place. 


Walnut  Ridge Truinlmll  Wagon  Co 

Hoxie Iron  Mountain  Rwy 

Mintnrn Southern  C(K>perage  Co 

Alicia Iron  Mountain  Rwy 

Newport New])ort  Ice  and  Cold  Storage  Co . 

Higginson Iron  Mountain  Rwy 

Angii8ta Campbell  &  Vinson 


Depth. 


Diam- 
eter. 


I  . 


I 


leet.     Inch  I'M. 
61 

m\ 

75 

97 

68 

100 


Argenta Buckeye  Cotton  Oil  Co 75 


Do Rose  Citv  Cotton  Oil  Co 


(M) 


I 
•  Per  hour. 


6 
10 

n 

6 
6 
12 
6 
6 
0 


Amount 
supplied 
per  day. 

GallouH. 

104,000 
45,000 
t30,000 
«9,000 
40,000 
30,000 
50,000 

CO 
10,000 


*  Water  supplleH  oil  plant. 
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Tt  i^  prni>al>I<>  that  tho  H]giirps  showing  the  amount  conmiriiiHl  n'p- 
P08«*nt  hut  a  s^ninll  ])iin  of  t\m  capacity  of  the  w^Il  in  each  case,  ftir 
it  \s  invJiriiihlv  n^|Mjrtt^(l  lliiit  tin*  iniuMtnt  u^m\  low<^rs  tlio  water  ven' 
littlt*.  Tlu^  wt*ll  supplying  tlio  niihoml  tunk  at  Alicia  ]ms  a  capacity 
of  S*,000  ^i  lions  an  hour,  and  the  pumper  thinksi  this  mipply  won  Id  be 
kept  up  rvcTi  witli  constant  puTnj>iu^* 

The  gn*at  ra{jftrity  of  tliesi'  wi^lls  m  due  to  the  loow  ami  sandy 
nature  of  the  material  in  whic4i  the  vvater  (xxiurs^  and  the  fact  thgt  it 
in  suturntiH]  to  witliin  n  few  feet  nf  tlic  siirfaw.  As  fii^t  as  the  water 
is  renitivcd  it  in  supplied,  as  the  rendt  of  eai*y  trani^missioti  through 
the  sandy  material  and  the  downward  pressure  of  the  cohmm  of 
waler  lH^twt**^n  the  lower  limit  of  the  well  and  the  ground- water 
level*    The  .supply  in  practi<*ally  inexliausstible* 

The  eonditions  for  flowing  wells  art*; 

(I)  A  l>ed  nipHhle  of  iMjldiiig  and  transmitting  water*    Such  a] 
bed  is  known  as  a  i*esorvoir.     Its  capacity  for  w^ater  may  result' 
front  Umj-u*  sand  t>r  j*:ravt4,  [>nrons  consolidated  riK*k,  or  fractnrin^. 
The  nipatity  ft  a-  \MUer  and  the  ease  with  which  it  moves  iiiereasi? 
with  the  open  nature  of  the  i^esiervoir. 

(it)  A  confining  stratum  id«>ve  the  porous  bed  tt>  litild  the  water 
thmn  and  keep  it  from  leaking  out.  It  is  necessary  ft>r  the  confining 
bed  to  be  composed  of  d(7se-textnred  rock^  such  a.s  shale,  clay,  or 
other  fine  silts,  tb rough  wbitOi  the*  water  can  mA  reatlily  pass. 

(8)  A  head  of  water  somewhere  in  the  reservoir  at  a  higher  level 
than  that  of  the  surface  where  the  well  is  desired.  The  minimum 
vertical  distance  that  can  exist  between  the  water  level  of  the  head 
and  the  mouth  of  the  well  is  determined  by  the  distance  they  are 
apart  and  the  porosity  of  the  reservoir.  The  farther  apart  the 
greater  the  minimum  difference  of  elevation  between  the  two.  This 
is  due  to  the  increase  of  friction  with  distance  as  the  water  moves 
through  the  reservoir.  The  more  porous  the  reservoir  the  less  will  be 
the  friction  and  consequently  the  less  the  minimum  vertical  difference 
that  can  exist  between  the  two. 

The  very  small  difference  in  altitude  Ix^tween  the  highest  and  lowest 
parts  of  the  lowland  area  preclude  the  possibility  of  securing  artesian 
water  from  the  Tertiary  or  Cretaceous  rocks,  even  though  all  the  other 
conditions  were  favorable.  If  flowing  wells  are  sought  within  this 
region,  it  should  be  -with  an  understanding  that  it  is  necessary  to  go 
through  the  Tertiary  and  Cretaceous  into  the  Paleozoic  rocks  below. 

While  the  securing  of  flowing  wells  from  the  Paleozoic  rocks  niay 
not  be  outside  the  possibilities,  the  chances  for  doing  so  are  slight. 
As  has  been  noticed  on  preceding  pages,  these  rocks  contain  excellent 
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water-bearing  formations,  and  tlieir  south  dip  would  bring  them,  if 
the  beds  were  continuous,  under  the  younger  deposits,  in  which  cado 
the  chances  of  securing  artesian  water  from  them  should  be  excellent 
But  these  beds  are  truncated  to  considerable  depths,  and  from  their 
truncated  edges  a  large  amount  of  water  passes  out  into  the  younger 
rocks,  this  being  one  of  the  sources  of  the  ground  water  of  the  low- 
lands. It  follows  that  if  flowing  wells  be  secured  from  these  rocks, 
it  must  be  from  below  the  level  to  which  they  are  truncated. 

A  fuilher  fact  which  is  against  the  securing  of  artesian  water  from 
the  Paleozoic  rocks  is  in  the  system  of  east-west  faulting,  shown  in 
fig.  20  (p.  101),  which  probably  affects  the  old  rocks  beneath  the  Ter- 
tiary and  Cretaceous  deposits.  By  this  faulting  all  the  Tocks  have 
been  broken  in  two  along  certain  lines,  and  the  beds  on  one  side  or  the 
other  have  suffered  vertical  displacement,  so  that  the  southward  move- 
ment of  the  water  through  the  water-bearing  horizons  is  cut  off  at  the 
lines  of  disturbance. 

While  the  securing  of  artesian  water  from  the  Paleozoic  horizon 
within  limited  distances  from  the  highland  border  seems  within  the 
possibilities,  the  chances  are  against  success. 
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Pio.  31. — Well  sltiinted  nenr  an  old  slough. 

SANITARY   CONSIDERATIONS  IN   WELL  SINKING. 

Location  of  icel1f<, — Too  much  care  can  not  ho.  exorcised  in  the  loca- 
tion of  wells.  Not  infrequently  are  wells  located  on  the  l)orders  of 
sloughs,  the  waters  of  which  are  stji^ifiiant  in  the  summer  season  and 
are  heavily  charged  with  organic  matter.  Fig.  JU  shows  a  well  so 
situated.  While  these  sloughs  are  always  lined  with  very  fine  sedi- 
ment that  is  largely  impervious,  more  or  less  water  is  able  to  pass 
through  it  into  tlie  adjacent  sand.  The  drawing  of  water  from  a 
well  situated  as  shown  in  fig.  HI,  h)\vering  the  surface  of  the  water  in 
the  well  Ik»1ow  that  of  the  slongh,  invites  the  drainage  from  the 
slough  towai'd  the  well. 

In  cases  where,  as  a  matter  of  convenience,  it  l)econies  desirable  to 
locate  a  well  near  a  slough,  it  should  under  no  circumstances  be  an 
open  one,  and  whether  drilled  or  lx>red  should  go  to  such  a  depth  be- 
low the  bottom  of  the  slough  as  to  Ik»  out  of  reach  of  the  downward- 
percolating,  organic-charged  waters. 

When  wells  furnish  water  heavily  charged  with  iron  and  organic 
matter  the  pipe  should  be  ''  pulled  "  and  driven  elsewhere.    As  ex- 
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plained  in  another  part  of  this  paper,  siuh  waicr  U  probably  dm  to 
the  pipe  ixMug  cU^Jven  into  a  buried  nhMigh,  lien  h  11?^  of  llu*  comTAl- 
meilt  of  t hi'  slouch  Uk:  Ifn-atinti  of  jt^mmI  %vaU^r  mn  Iw  (b^tenuiiu'd  tmly 
bjr  ezp^'iiiii^iit.  Usual ly  as  ^(mhI  qiiulity  uf  walor  as  the  locality 
affords  can  Ik*  ^xnireil  within  a  i^hort  distance*  of  a  w**ll  that  supplies 
water  of  pcM>r  quality* 

In  no  ivgitin  shoujil  \\v\h  Ix"  lfH."nttHl  in  barnyardH  or  near  other 
sources  of  surfatn^  pollution,  exctq^t  with  iutt-lligt^nt  advitx\  In  a 
hilly  r^ion  the  surface  ilraina^e  ami  stratigraptnc  conditions  may 
be  such  as  to  ptTuiit  a  pmperly  coiis^tructcd  well  to  l>e  so  situated  :  but 
in  the  lowlands  of  Arkansas,  where  there  is  but  little,  if  any,  surface 
drainage  and  the  soil  is  ixirous,  permitting  the  water  freely  to  \K*r- 
colate  downward,  that  practice  can  not  Iw  tot>  strongly  condemned. 
The  watcrin*,^  [>laees  foi  barnyard  fowls  and  the  wallows  for  hogn 
are  often  ijiuuctliately  n\m\\t  wells  from  which  water  is  used  fop 
drinking,  8uch  disi^gard  for  sanitary  conditions  is  excusable  only 
among  the  most  ignorant. 

Depth  Iff  irtlh^—lilK'  usual  tlepth  of  welLs  o$^er  the  lowlands  is 
from  16  Ui  40  fn^t.  It  might  l>e  accepted  as  a  rule  that  the  character 
of  the  water  improves  w^ith  vleptlu  for  the  greater  the  distance  from 
the  surface  tlic  fn^^r  it  is  from  surface  eoiit  ami  nation.  As  the  sink- 
ing of  WiOls  within  the  region  is  such  an  easy  matter,  it  would  doubt- 
less be  advisable  in  most  <%isi»s  not  to  stop  short  of JK)J|e^jJid  to  go 
beyond  this  depth  would  be  better  still. 

In  those  cases  where  water  is  strongly  charged  with  iron  and 
organic  matter  a  better  quality  may  sometimes  be  secured  by  stopping 
short  of  the  organic-charged  bed,  or,  if  not  by  this  means,  by  driv- 
ing on  through  it  into  the  sand  or  gravel  beds  below. 

In  a  few^  localities  the  surface  sands  are  thick  enough  to  form  a 
permanent  res(»rvoir,  and  in  such  cases  shallow^  wells  can  be  sunk, 
which  furnish  soft  water  of  excellent  quality  when  not  so  situated 
as  to  be  affected  by  sources  of  surface  pollution. 

Casing  wells. — Next  to  the  location  and  dej^th  of  a  bored  well  the 
most  important  thing  is  the  casing.  The  material  most  commonly 
used  for  this  purpose  in  the  lowlands  is  wood,  evidently  with  the 
belief  that  the  only  object  of  casing  is  to  prevent  the  well  from  caving 
in.  Another  and  equally  important  object  should  l>e  to  keep  out  the 
surface  water.  For  this  purpose  the  w^ooden  casing  is  wholly  in- 
effective. The  chief  object  of  a  deep  well  is  to  avoid  the  surface 
water,  and  unless  the  casing  keeps  out  the  surface  water  a  deep  well 
has  no  sanitary  advantage  over  a  shallow^  one.  Besides,  a  wooden 
casing  must  in  time  decay,  and  by  this  means  enough  organic  matter 
may  be  added  to  the  water  to  produce  serious  results.  The  best 
casing  is  galvanized-iron  pipe  or  tile  carefully  cemented  at  the  joints. 
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Open  weVs. — Open  or  dug  wells  should  never  be  used  except  where 
the  greatest  care  is  observed  in  the  cleanliness  of  the  surface  for  some 
distance  about,  and  even  then  they  are  unsafe,  as  more  or  less  sur- 
face water  will  find  its  way  into  them.  When  such  a  well  is  used 
the  wall  should  be  of  stone  or  brick  and  not  of  wood,  as  is  too  often 
the  case. 


WATER  RESOURCES  OF  THE  PORTSMOUTH-YORK  REGION,  NEW 
HAMPSHIRE  AND  MAINE. 


Bv  (lEORCJE  Otis  Smith. 


INTUODUCTIOX. 

A  hydrologic  examination  of  the  vicinity  of  Portsmouth  Harbor 
was  made  by  the  writer  in  June,  1904.  This  work  was  done  at  the 
request  of  the  War  Department,  and  special  attention  was  paid  to  the 
problem  of  securing  satisfactory  water  supplies  for  the  several  forts 
at  the  mouth  of  Portsmouth  IlarlMu-.  The  geologic  conditions  which 
influence  the  water  resources  at  these  points  were  studied,  and  to  ob- 
tain the  Ix^st  results  it  was  found  necessary  to  extend  observations  for 
about  10  miles  northeast  along  the  Maine  coast.  The  results  obtained 
in  this  investigation  have  been  reported  on  in  so  far  as  they  an- 
swered the  direct  i)urposes  of  the  examination.  The  observations 
made  in  the  course  of  this  study  and  the  conclusions  based  thereon  are 
presented  in  this  paper  in  view  of  tlie  relation  they  bear  to  similar 
hydrolo^jic  j)r()l)l(»nis  in  other  j)arts  of  th(»  coastal  region  of  Maine. 
Elsewhere  ('('rtain  anomalous  conditions  prevail  in  the  occurrence  of 
gi-ound  watci-,  and  while  each  area  may  demand  its  own  explanation, 
it  is  helievt'd  that  the  i-e>ults  obtained  in  the  pi-esent  study  nmy  Ik»  at 
least  MiiT^n'stive  in  the  solution  of  the  j)rohleins  elsewhere. 

The  area  discusHMl  in  this  article  extends  from  Portsmouth  and 
Newcastle,  X.  II.,  to  York  Beach  and  Cape  Xeddick,  Maine.  Aside 
from  the  city  of  Portsmouth  and  the  various  villaires  in  the  towns  of 
Kittery  and  York,  the  i-e<ri<)n  has  a  s])(»cial  importance  from  the  loca- 
tion here  of  the  coast  defenses  and  the  extensive  navy-yard,  as  well  as 
the  presence  of  a  larp'  suminei'  ])opulati()n  at  sm'eral  deservedly  popu- 
lar resorts.  The  (juestion  of  an  ade((uate  and  safe  water  supply  thus 
becomes  a  vital  one  and  demands  thou<rhtful  consideration. 

SOrUCKS  OF  WATKIl  sri>i>i.v. 

The  present  water  supply  of  the  Portsmouth-Kittery  region  comes 
from  three  distinct  sources — surface*  (lake  or  stream)  water,  ground 
water  from  suriicial  deposits,  and  ground  water  from  rock. 
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SURFACE  WATER. 

The  supply  at  the  Kittery  Navy- Yard  best  ilhistrates  the  first  class, 
water  from  ponds  on  the  western  slope  of  Mount  Agamentieus  being 
piped  by  a  gravity  system  into  the  town  of  Kittery  and  across  to  the 
navy-yard.     Both  in  quality  and  quantity  this  supply  is  excellent 

GROUND  WATER  IN  SURFICIAL  DEPOSITS. 

The  city  supply  at  Portsmouth  belongs  to  the  second  class.  Some 
r>0  shallow  wells  have  been  sunk  in  the  surficial  deposits,  and  from 
this  system  of  wells  1,000,000  gallons  are  reported  to  lx>  pumped  daily. 
The  domestic  supply  for  a  great  proportion  of  the  farms  in  this 
region  is  of  similar  origin.  Wells  are  dug  to  the  surface  of  the  water 
table,  locations  being  selected  where  the  water  table  and  land  surface 
nearly  coincide.  Thus  the  wells  of  this  tyi^e  are  commonly  very  shal- 
low, and  in  fact  are  often  located  on  the  edge  of  swampy  areas.  The 
quality  of  such  supplies  varies  from  excellent  to  very  poor,  and  in 
nost  of  the  smaller  surface  wells  the  seasonal  variation  is  consider- 
ible.  A  few  general  statements  as  to  the  surface  geology  of  the 
'egion  will  serve  to  explain  the  nature  of  this  second  type  of  water 
supply.     ■ 

Outside  the  limits  of  the  larger  river  valleys,  in  which  there  are 
loubtless  alluvial  deposits  of  considerable  thickness,  the  surface  de- 
:>osits  are  predominantly  glacial  till,  with  local  accumulations  of  fine 
iilluvium  or  swamp  deposits.  Stratified  gravels  and  sands  of  glacial 
origin  were  noticed  at  only  a  few  points,  and  these  appear  to  be  so 
local  in  their  distribution  as  to  have  no  s|x»cial  influence  upon  the 
movement  of  groniid  water.  The  cover  of  till  is  thin  over  large 
ureas,  and  rock  exposures  are  both  large  and  numerous.  In  such 
ureas,  which  may  1k»  said  to  l)e  the  rule  in  the  town  of  Kittery,  Me., 
-^wamps  are  of  common  occurrence,  and  much  of  the  region  is  poorly 
drained  by  surface  streams.  Tlie  distribution  of  tlie  till  and  the  ab- 
^nce  of  any  extensive  (h»posits  of  stratified  drift  are  the  determining 
conditions  in  the  occurrence  of  ground  water  in  the  surface  z<me. 
The  supply  from  this  source  can  draw  from  only  a  limited  catchment 
urea,  and  seascmal  fluctuation  must  therefore  be  expected. 

West  of  Portsmouth  some  excellent  wells  are  reported,  which 
derive  their  water  from  sand  and  gravel.  Some  of  these  are  artesian, 
and  the  water  is  in  this  case  under  pressure  lH>cause  of  impervious 
beds  overlying  the  water  horizon.  This  area  was  not  visited,  but  is 
probably  one  of  stratified  drift,  ditfering  in  this  respect  from  the 
region  under  consideration.  It  is  also  true  that  artesian  water  from 
such  deposits  Ix^longs  rather  to  the  type  of  supply  described  in  the 
following  paragraphs. 
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GRO0ND  WATEB  OF  TBB  DEEP  SOKE. 


General  character.— The  third  kind  of  water  supply  in  tliA  Porik- 
mouth-Kittery  area  is  that  obtained  from  the  anderiying  rodL 
Water  from  this  source  differs  from  that  of  the  two  bther 
in  several  important  particulars,  which  will  be  diacnsHed 
More  than  a  score  of  wells  in  this  vicinity  have  been  drilled  in  thB  * 
rock,  furnishing  examples  of  this  type  of  underground  supply  of 
pure  water.  The  depth  of  these  wells,  so  far  as  figures  are  obtain- 
able, varies  from  27  to  275  feet,  but  inasmuch  as  they  tap  this  water 
of  the  deep  zone  they  may  be  classed  together  as  deep  wells. 

The  elevation  of  these  wells  ranges  from  100  feet  above  sea  level 
to  approximately  sea  level.  Their  yield  is  also  quite  different,  some 
being  very  successful,  while  a  few  were  failures.  Three  of  these 
wells  in  the  town  of  York,  which  adjoins  Kittery  on  tho  east,  are 
artesian,  and  these  will  l)e  described,  as  will  the  few  failures  and  also 
several  wells  that  are  of  especial  interest  from  their  location  near 
the  forts  at  the  mouth  of  Portsmouth  Harbor.  Concerning  several 
wells  conflicting  reports  were  heard,  but  the  data  given  below  wen 
furnished  by  either  the  owners  or  the  well  driller,  largely  supple- 
mented by  personal  observation  at  the  wells  and  in  the  immediate 
vicinity. 

Descriptions  of  weUs. — ^The  well  on  the  place  of  H.  E.  Evans  (now 
deceased),  on  the  road  between  York  Harbor  and  Yoric  Beach,  was 
drilled  in  1889  to  a  depth  of  27  feet,  with  a  diameter  of  6  inches. 
Rock  was  eii(*ountoreil  at  a  depth  of  8  fw^t,  and  the  principal  source 
of  wat(»r  at  25  feot.  This  water  rises  2  feet  above  the  surface,  so  that 
the  well  is  truly  artesian.  The  flow  is  reported  as  100  gallons  per 
hour,  and  tlie  water  supplies  two  summer  eottages. 

The  well  owned  by  C.  B.  Moseley,  and  situated  on  the  northwest 
side  of  Cai>e  Neddick,  was  drilled  in  1804,  and  like  all  the  wells  in 
this  vieinity  has  a  diameter  of  <>  indies.  The  total  depth  of  this 
well  was  28  feet,  water  Ixun^  encountered  at  27  feet.  This  water 
flows  from  the  surface,  and  the  supi)ly  is  reported  as  30  gallons 
a  minute,  that  amount  having  been  pumi>ed  for  an  hour,  with  the 
result  that  the  water  in  the  well  was  lowered  2  feet.  This  water 
supplies  three  housc^s,  flowing  into  two  lower  on  the  slope,  and  being 
pumped  into  a  third.  The  elevation  of  the  well  is  about  40  feet  above 
the  st»a  level,  and  it  is  not  far  distant  from  the  shore. 

The  well  on  the  property  of  W.  H.  Wentworth,  of  York  Beach,  is 
located  l)etween  the  railroad  and  carriage  road  on  liong  Beach,  and 
was  drilled  in  1881),  to  a  depth  of  70  feet.  The  well  is  located  in  a 
swamp  back  of  the  beach,  and  is  approximately  at  sea  level.  The 
upper  10  feet  was  in  mud  and  l)each  gravel,  the  remainder  of  the  well 
being  in  solid  rock,  reported  as  '•  mostly  trap."  The  water  from  this 
well  rises  2^  feet  above  the  surface,  and  the  amount  is  reported  by 
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the  driller  as  4,000  gallons  per  hour,  without  either  diurnal  or 
seasonal  variation  of  the  water  level.  The  water  is  of  excellent  qual- 
ity, and  by  means  of  a  windmill  is  made  to  supply  a  lx)arding  house 
and  a  number  of  cottages,  twenty-five  families  being  said  to  have  been 
served  by  the  supply. 

The  well  on  the  grounds  of  Hotel  Pocahontas,  on  Gerridi  Island, 
about  20  feet  above  the  sea  level,  is  of  special  interest  from  its  prox- 
imity to  Fort  Foster.  This  well  was  completed  in  1895,  being  drilled 
to  a  depth  of  40  feet,  the  principal  source  of  water  being  at  39  feet, 
with  other  veins  at  20  and  81  feet;  the  water  stands  8  feet  below 
the  surface  of  the  ground.  The  driller  reports  the  flow  to  be  75  gal- 
lons per  hour,  although  a  much  larger  rating  is  given  by  the  owner. 
The  water  is  raised  by  a  windmill,  and  partly  supplies  the  hotel; 
another  source  of  supply  is  a  natural  spring  7  feet  above  high  tide 
and  within  a  few  yards  of  the  shore.  This  spring  has  been  excavated 
in  the  rock  to  a  depth  of  8  feet,  and  when  not  pumped  overflows 
through  the  crevices  in  the  rock.- 

The  most  important  well  in  the  area  is  at  Hotel  Wentworth,  on 
Newcastle  Island.  The  well  is  situated  at  an  elevation  of  about  40 
feet  on  the  southwestern  end  of  this  island,  on  the  eastern  shore  of 
which  are  situated  Forts  Constitution  and  Stark.  The  well  was 
drilled  some  years  ago,  and  the  total  depth  is  variously  reported,  but 
is  said  by  the  agent  of  the  Jones  estate,  by  whom  the  property  was 
owned,  to  be  about  275  feet.  It  could  not  be  learned  at  what  depth 
water  was  encountered,  nor  how  near  the  surface  water  rises.  The 
rate  of  flow  is  not  known,  except  through  information  secured  from 
the  manufacturers  of  the  steam  pump  in  position  over  the  well,  who 
state  that  a  Deane  pump  of  this  type  should  pump  30  gallons  per 
minute  when  working  efficiently.  The  engineer  in  charge  states  that 
in  the  middle  of  the  summer  this  pump  has  bet»ji  run  night  and  day 
for  two  weeks  at  a  time,  with  no  appreciable  diminution  of  the 
supply.  The  quality  of  the  water  is  excellent,  and  is  used  to  supply 
a  large  part  of  the  Hotel  Wentworth.  This  property  has  severa^ 
surface  wells  fed  by  the  springs,  which  form  an  auxiliary  supply, 
but  as  these  fail  in  the  height  of  the  season  the  deep  well  may  l^ 
said  to  be  the  only  supply  for  the  dining  rooms  and  the  larger  part  of 
the  hotel,  one  wing  of  which  is  supplied  by  city  wati»r  from  Ports- 
mouth. 

A  short  description  should  he  given  of  the  few  failures  in  this 
region.  In  the  vicinity  of  the  Evans  well,  on  Cape  Neddick,  two 
unsuccessful  wells  were  drilled.  One  of  these  was  drilled  to  a  con- 
siderable depth  without  any  water  being  encountered,  this  case  being 
especially  remarkable  from  the  fact  that  the  hole  was  located  only 
a  few  hundred  yards  from  the  artesian  well.  Another  at  a  slightly 
greater  distance  from  the  Evans  well  was  drilled  to  a  depth  of  87 
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feet,  at  which  level  salt  water  was  encountered,  whkii  rose  to  tf^nod- 
mately  sea  level.  This  well,  it  diould  be  noted,  was  drilled  in  tk 
gabbro  which  makes  up  the  greater  part  of  Cape  Neddiok,  wiiBe  tte 
dry  weU  was  in  schist  close  to  the  gabfaro  ecmtaet)  and  *tfce  Evmb 
artesian  well  was  in  slate  and  schist,  all  of  whidi  rockB  will 
tioned  in  the  following  paragraphs. 

Another  unsuccessful  well  was  drilled  at  Fort  Staik, 
tion  of  the  Corps  of  Engineers  of  the  Army,  to  a  depth  of  26(1  ImL 
At  130  feet  fresh  water  was  encountered,  but  only  in  small  vnBknita, 
and  at  260  feet  salt  water  was  struck.  The  site  of  this  driH  faok 
is  now  concealed  by  the  fortification.  In  the  same  vicinity,  on  tb 
Barrett  estate,  a  well  was  drilled  to  the  depth  of  100  feet,  at  which 
depth  it  had  to  be  abandoned  on  account  of  the  crooked  drill  hokL 
A  small  amount  of  water  of  excellent  quality  was  enoounteired)  fast 
not  sufficient  to  warrant  pumping. 

G£OiX>6IC  COKBmONS. 

The  geologic  conditions  which  control,  or  at  least  inflmnoe,  the 
occurrence  of  this  water  of  the  deep  zone  must  now  be  considfired. 
The  problem  is  not  a  simple  one,  but  the  following  observatimis  may 
serve  to  explain  to  some  extent  the  well  data  given  above. 

LrrHOLOGY. 

The  prevailing  bed  rock  over  this  area  is  metamorphic  in  nature. 
Schists  that  evidently  represent  metainorphased  sediments,  together 
with  Avell-lxHlded  slates  and  quartzites,  underlie  the  greater  part  of 
the  area.  The  strike  of  these  roeks  is  N.  ()0°  to  80°  E.,  with  N.  70°  E. 
possibly  the  prevailing  direction.  The  dip  varies  also  within  only 
narrow  limits,  bein^  75°  to  iH)"^  either  to  the  north  or  to  the  south, 
and  nioie  eonnnonly  vertical.  At  only  one  locality  were  low  dips 
observed.  At  tht»  outer  entrance  to  Portsmouth  Harbor  the  rock  is 
more  gneissoid  in  character,  and  to  a  large  extent  represents  meta- 
morphosed igneous  rocks  of  an  acidic  type.  In  what  proportion 
these  ign(H)Us  rocks  were  of  volcanic  and  in  what  of  intrusive  origin 
can  not  be  stated,  but  both  types  are  doubtless  present. 

Cutting  these  old  metamorphic  rocks  are  numerous  dikes  of  dia- 
basic  and  basaltic  rock.  Some  larger  masses  Ixdonging  to  the  same 
intrusion  have  more  of  the  gabbro  texture,  and  the  outer  portion  of 
Cape  Xeddick,  as  noted  above,  is  composed  of  very  massive  gabbro. 
These  basic  intrusives  are  relatively  much  younger  in  age,  and  it  is 
noticeable  that  the  basaltic  dikes  cut  not  only  the  schistose  rocks,  but 
also  the  quartz  veins  which  traverse  the  schists  and  slates.  Some  of 
these  dikes  cut  across  the  schistosity  and  stratification,  following 
joint  planes,  but  more  commonly  they  are  parallel  to  the  I)edding  and 
might  be  more  proiHjrly  termed  intrusive  slieets. 
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JOINTS. 

Tke  essential  feature  for  the  purpose  of  the  present  discussion  is 
thaMil  these  rocks,  whether  of  volcanic  or  sedimentary  origin, 
be^irSb  thoroughly  metamorphosed  that  the  foliated  structui 
characteristic  for  all.  These  rocks  are  much  jointed,  altiiough  no 
regular  system  of  joints  could  he  recognized  as  prevailing  for  any 
distance.  The  intiaisive  rock  is  also  jointed,  a  system  of  three  joint 
planes  nearly  at  right  angles  to  one  another  being  noted  in  the  gabbro 
of  Cape  Neddick.  In  general  it  is  probable,  however,  that  the  in- 
trusive rock  is  jointed  to  a  less  extent  than  are  the  older  schists  and 
slates. 

The  question  to  what  extent  the  joints  in  the  above  rocks  represent 
open  spaces  is  most  important.  The  prominence  of  these  joints  on 
the  weathered  surface  suggests  that  the  rock  mass  is  considerably  fis- 
sured, but  there  is  also  reason  to  doubt  this  conclusion.  At  the 
southern  end  of  the  navy-yard  very  extensive  excavations  are  in 
progress  for  the  purpose  of  removing  a  point  which  projects  into  the 
river  channel.  An  examination  of  the  piles  of  broken  rock  from  this 
source  shows  that  the  quartzite  has  very  irregular  fractures,  which 
appear  to  be  very  largely  independent  of  either  stratification  or  joint 
planes.  Many  of  the  joint  planes  are  also  seen  to  have  been  cemented 
with  quartz  in  thin  films.  A  few  small  faults  were  noted  in  this 
region,  but  it  is  probable  that  these  also  are  well  cemented. 

ZONE   OF   STORAGE. 

Presence  of  artesian  vmfer, — The  physical  character  of  the  rocks  of 
the  area  and  their  structures  are  plainly  cjuite  different  from  those 
observed  in  typical  artesian  basins.  The  rocks  are  compact  and  well 
cemented,  so  that  in  no  stri(!t  sense  can  it  l)e  said  that  there  is  present 
a  pervious  stratum  between  impervious  strata.  Neither  is  there  any 
approach  to  a  basin  structure,  but  rather  the  structure  is  that  of 
closely  compressc^d  folds,  in  which  t\w  strata  are  steeply  inclined. 
However,  artesian  water  is  known  to  exist  in  this  area,  as  proved  by 
the  artesian  wells  already  descrilKHl,  and  in  the  other  deep  wells  which 
did  not  flow  the  water  encountered  is  under  static  pressure,  as  evi- 
denced by  the  rise  within  the  well.  Essentially,  then,  the  water  sup- 
ply of  these  deep  wells  is  of  the  artesian  type — that  is,  the  water  rises 
within  the  drill  hole  for  a  score  or  more  feet  above  the  level  at  which 
the  drill  tapped  its  flow.  This  supply  of  underground  water  is  there- 
fore somew^hat  exceptional  in  type,  and  the  conditions  presented 
deserve  further  consideration.  * 

Mode  of  foin, — As  noted  abovi*,  the  water-l)earing  rocks  are  not 
porous  in  the  same  sense  as  most  rocks  wliich  form  th(»  pervious  l)eds 
in  artesian  basins.    The  water  circulation  can  not  be  through  pore 
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o|MMiii);r^..  })ut  must  Im'  alon^  tho  stratification  partings,  joint  openings. 
and  other  loss  ro^ular  passa^s  within  the  ro(.*k  mass.  Jt  is  difficult 
to  state  whioh  (*hiss  of  these  is  the  most  important  in  governing  the 
circnhition  of  the  water.  The  IxMlding  and  achistosity  planes  are  of 
course  the  most  i)ei"sistent.  althoupfh  probably  lacking  the  regularitT 
and  width  of  the  joint  oixniinps,  and  fn>m  their  approximately  ver- 
tical  position  thesi*  partinps  would  sc»rve  to  conduct  the  water  from 
higher  to  lower  levels,  and  vict*  versa.  Such  of  the  joint  planes  as 
approach  horizontality  would  furnish  connecting  passages  between 
the  v(»rtieal  openinp^,  yet  how  continuous  such  a  system  of  openings 
is  can  not  1m»  stated,  owin^  to  ignorance  of  the  extent  to  which  these 
natural  opening  have  Ihhmi  mollified  by  cementation.  It  is  believed, 
however,  that  the  master  joints  of  the  area  are  nearly  horizontal,  so 
that  movement  of  the  watiT  in  the  horiz<mtal  planes  is  less  obstructed 
than  the  ui)ward  movement.  The  fact  that  the  water  tapped  by  the 
wells  descrilM»d  abovi*  usually  risi's  either  to  the  surface  and  overflows 
the  top  of  the  well  casing,  or  at  least  rises  to  a  c*onsiderable  extent 
within  the  well,  indicates  c(m<'lusively  that  there  is  static  pressure  and 
more  or  less  cimfinement  by  the  overlying  rock. 

If  thes(»  joints  and  other  partings  wei^e  present  throughout  the 
rock  mass,  the  essiMitial  condition  of  an  imp(»rvious  cover  would  be 
lacking  and  the  ground  water  from  the  deep  zone  would  escape  at 
tin*  surface.  Two  factoi's,  however,  apiK'ar  to  combine  to  prevent 
such  natural  escape  except  in  rare  cas(»s  like  the  spring  near  Hotel 
]\)cah<)ntas.  The  pressure  undiT  which  the  water  circulates  in  the 
(lcc|)-i()ck  zone  is  insiiHicicnt  to  overcome  the  internal  friction  within 
constricted  oj)eiiin^s  in  the  higluM*  parts  of  the  zone  of  water  circu- 
lation, opecinlly  as  theiv  is  a  <rreater  degree  of  cementation  along 
these  u|)\var<l-I(»ading  planes  near  the  surfac(».  This  presumption  of 
gieater  cementation  near  the  surface  is  supported  by  the  observations 
at  the  navv-yard  excavations,  as  well  as  by  the  general  tluxuT  of 
vein  deposition.  In  view  of  the  modei*ate  d(»|)th  of  the  thrcHi  flowing 
wells,  it  may  he  true  that  this  cementation  is  especially  effective  cmly 
to  a  (le|)th  of  -JO  to  100  feet,  within  which  sui-face  zone  it  may  wholly 
stoj)  wati'i-  circulation. 

The  conclusion  gaini^l  by  this  investigation  is  that  the  ground  water 
in  th(»  deejH'i*  or  rock  zone  circulates  relatively  slowly  within  the 
constrict(Ml  natural  openings  in  the  i-ock.  The  water  of  this  zone 
is  contributed  from  distant  areas  ratliei-  than  fi-om  the  iunnediate 
vicinity,  and  the  rate  of  circtilation  is  so  slow  as  to  make  the  supply 
essentially  free  from  s<*asonal  variation.  The  elevation  of  the  prin- 
cipal catchment  area  is  not  suflieiently  great  to  cause  the  water  thus 
flowing  to  1m'  under  gn^at  i)ressure-  -that  is,  the  pressure  is  not  usually 
suflicient  to  overcome  the  friction  incident  upon  upward  escape 
through  the  natural  joint,  stratiHcation,  or  foliation  planes,  which 
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i  are  more  or  less  thoroughly  cemented  near  the  surface.    In  such  ex- 

:  oeptional  cases  as  the  spring  near  Hotel  Pocahontas  on  Grerrish  Island 

r  the  water  from  the  deep  zone  does  thus  escape,  probably  through  a 

\'  less  constricted  opening.    In  the  artificial  openings  of  the  wells 

the  water  is  provided  with  a  free  vertical  channel,  in  which  it  rises 

for  10, 20,  or  possibly  hundreds  of  feet,  and  in  the  case  of  the  artesian 

wells  cited  actually  overflows  at  the  surface.    The  extent  to  which 

the  water  thus  rises  is  therefore  a  direct  measure  of  the  amount  of 

pressure  under  which  it  circulates  at  the  point  reached  by  the  drill 

hole,  a  pressure,  however,  that  was  insufficient  to  overcome  the  fric- 

tional  resistance  to  upward  flow  along  natural  channels  in  the  rock. 

Another  feature  which  appears  characteristic  of  the  wells  in  this 
area  is  that  the  water  circulation  is  more  or  less  confined  to  trunk 
channels  rather  than  equally  distributed  throughout  the  water-bear- 
ing zone.  This  is  not  simply  because  the  water  prefers  the  trunk 
channels,  but  because  the  rocks  are  so  indurated  and  free  from  pore 
openings  that  these  larger  openings  are  the  exclusive  channels  of 
flow.  This  is  shown  by  the  well  logs,  which  indicate  the  presence  of 
definite  flows  at  different  levels,  which  are  not  determined  by  the 
presence  of  definite  porous  strata,  but  more  probably  by  the  position 
of  joint  planes  or  other  openings  within  the  mass  of  steeply  inclined 
and  highly  indurated  rock.  Further  proof  of  this  is  afforded  by  the 
case  of  the  Wentworth  well,  where  the  drill  dropped  1  foot  at  the 
point  where  the  principal  flow  was  encountered.  Such  a  distribu- 
tion of  the  water  circulation  along  a  limited  number  of  well-defined 
channels  would  explain  the  marked  difference  between  wells  located 
in  the  same  vicinity. 

PRACTICAL  COIS^CI.USIOXS. 

With  the  results  of  this  invosti^ation  in  mind,  some  definite  state- 
ments can  l)e  nnule  tliat  may  Ih»  of  practical  value  to  anyone  inter- 
ested in  utilizing  the  water  from  the  deep  zone  of  flow. 

Water  that  is  truly  artesian,  or  that  is  at  least  under  sufficient  pres- 
sure to  make  it  rise  in  a  deei)  well,  exists  in  the  rock  underlying  the 
area  under  consideration.  The  distribution  of  this  supply  of  under- 
ground water  is  such  that  a  few  failures  may  be  expected  among 
deep  wells  drilled  in  this  an^a,  but  the  percentage  of  failures  should 
l)e  very  small  if  some  jud«rnient  is  used  in  the  selection  of  the  loca- 
tion for  drilling.  The  logs  of  the  most  successful  wells  show  that 
the  depth  at  which  the  best  flows  will  be  encountered  can  not  he 
definitely  predicted.  In  most  cases  an  abundant  flow  should  l>e 
expectted  at  a  depth  of  less  than  100  feet,  but  in  some  localities  the 
drill  might  reach  a  depth  of  HOO  feet  Iwfore  the  water  was  encoun- 
tered in  good  quantity. 
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The  location  of  a  fow  surc<*>wfiil  w(*lls  .^u^(|t*Ht*5  stjme  prpcaiui 
U»  Ih.1  alisi^rviHl  Inrtjsmuch  as  the*  rmrks  Hhnwing  at  the*  ^iirfact*  ar 
not  inrlicativc  nf  similar  oiH'iiirip<  at  corimdiTMljIo  depth,  they  shfflik 
not  be  coa'^idi^red  as  imiioatmg  that  wati»r-fith*d  t^hiuiiiels  will  b 
encoiinterod  by  the  drill  with  depth,  and  furthennore  if  Htu*h  Wa 
tion  is  near  the  shore  tlie  pn^Hoiiee  nf  sueh  sir r fare  rracks  ineittt^ 
the  liidulily  of  eiieounlering  sea  water,  which  has  followed  pnssi^ipi 
extending  fn>!n  tho  ^uhimirine  rock  juirfare.  Auain,  in  electing  i 
plaee  fur  locating  a  welK  it  will  he  pn^ferahle  to  avoid  diabasir  dikft 
and  sheetH  \vhie!i  tniver^H*  the  .sehisi  in  intiny  parts  of  the  area 
Several  successful  wellfs  in  York  and  Kittery,  however,  appear  U 
liave  Uvn  fhilh*d,  in  part  at  least,  tlinxigh  (liis  intrusive  nnrk,  bui 
it  seems  |)rohable  that  the  K^hist  is  the  better  water- bear i tig  rock* 
that  it  contains  more  parting. 

More  s]>ecific  conclusions  have  t>een  submitted  to  the  War  Dt^part 
mcnt  relative  to  the  conditions  at  the  various  forts.  The  alxive  gen 
eral  statements,  however,  apply  to  practically  ail  of  the  ai^a  dcj»cribcH^ 
in  this  article.  Furthermore,  it  in  l.*clieved  that  the  application  o] 
thci^*  tHKiclusions  may  h*  safely  made  over  a  largi^r  an*a.  (leologii 
investigation  of  other  portions  of  the  Maine  ctmst  during  the  saaii 
season  has  led  ttie  writer  in  consider  that  the  principles  here  forma 
lat4*d  regarding  the  aatun^  of  the  deep  zone  of  flow  const  it  nte  a  ten 
able  Iiypotliesis  for  the  exphmation  of  the  hydn»logic  conditions  ii 
these  other  regions.  In  these  ai^eas  of  thoroughly  indurated  ant 
cl^iscly  ftilded  rocks  the  joints  are  the  structural  elements  most  hn^ 
portant  in  the  control  of  undergi'ound  circulation,  and  thus  then 
exists  a  type  of  artesian  storage  quite  different  from  fhe  basins 
usually  described. 
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By  MvttuN  L,  Fuu.Ku. 


iKTRODUCTION. 


(reneral  statement,— In  tlio  Ijite  spring  imd  early  summer  of 
the  ^hulluw  wt^Ilrt  throughout  the  ix^^gion  adjatvnt  to  the  lower  portion 
of  11  limn  River,  in  southeastern  Michigan,  whieh  up  to  thttt  time  had 
yiekled  abnndaut  supplies  of  water,  showed  ^lignn  of  failing*  As  the 
Humjuer  progressed  the  shortage  U'canie  more  s<^vere,  nuiking  it  neces- 
sary in  many  cases  to  materially  dtM.*pen  tho  wells  in  order  to  si^cure 
the  water  iiecessa ry  f rir  or d i n a ry  d i > r ii ** st  i c  ami  farm  p n r j >os( *s .  Wide 
attention  was  attracted  to  the  failure  of  the  wells  in  tlie  region.  \m- 
t^iiise  the  shortage*  was  supposed  to  have  been  brought  alK>ni  through 
underground  drainage  by  a  powerful  flowing  well  mv  Gro?sst^  Isle,  a 
few  miles  to  the  east.  Careful  tield  investigations  showed  the  lui- 
probabiUty  of  sueh  iidluenee^  the  evidence  indicating,  on  the  con- 
trary, the  fa i hire  to  be  due  to  certain  general  causes  of  rather  wide- 
spread application. 

The  explanation  of  the  failure  of  wells  in  the  region  in  question  is 
similar  to  that  in  like  districts  at  many  points  throughout  the  country, 
and  it  is  with  the  object  of  calling  attention  to  certain  general  factors, 
both  temporary  and  pernuinent,  which  tend  to  induce  a  shortage  of 
the  ground-water  supplies  over  large  areas,  that  the  present  paper  has 
l>eeu  prepared. 

Location  of  area, — The  region  in  which  the  shortage  of  water  in 
1904  w^as  earliest  felt  and  in  which  it  was  severest  is  a  belt  perhaps 
10  miles  wide,  extending  in  a  northwest-southeast  direction,  parallel 
with  and  including  Huron  River  from  a  point  near  New  Boston,  about 
20  miles  m  a  straight  line  above  its  mouth,  to  its  juncture  with 
Detroit  River,  28  miles  from  Detroit.  The  greater  part  of  the  affected 
belt  lies  south  of  the  river,  only  a  strip  a  mile  or  two  in  width  falling 
on  the  north  side.  To  the  south  the  affected  area  is  not  only  much 
broader,  reaching  a  w  idth  of  7  or  8  miles,  but  the  shortage  was  more 
pronomiced,  reaching  a  maximum  along  Swan  Creek,  which  parallels 
Huron  River  at  a  distance  of  from  3  to  5  miles  on  the  south.  South 
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of  Swan  Creek  the  wells  were  affected  only  for  a  short  distance,  usu- 
ally not  over  2  or  3  miles. 

The  belt  showing  shortage  lies  in  two  counties,  the  relatively  nar- 
row strip  north  of  Huron  River  being  in  Wayne  County  and  the 
wider  one  south  of  the  river  in  Monroe  County.  The  villages  prin- 
cipally affected  are  Willow,  Waltz,  Carleton,  Flat  Rock,  and  Rock- 
wood.  In  the  ix)rtion  of  the  belt  east  of  Rockwood  and  Newport  and 
between  these  towns  and  the  lake  no  shortage  was  reported  up  to 
August,  1904. 


l^A*^^    StJf^£i9/ 


Fk;.  ;{1.'.— Rainfall  map  of  MkhlK'an. 


Charnctir  of  the  ro)n\tr\i. — Th(»  cMitii-e  region  is  characteristically 
flat,  and,  except  in  the  vicinity  of  the  streams,  which  have  cut  shallow 
channels  for  themselves,  almost  no  ineijualities  reco^^fnizable  by  the 
eve  are  to  1m^  seen  over  larp'  areas.  The  surfacv  materials  arc  gener- 
ally clayey,  although  locally  the  clay  may  he  overlain  by  thin  sheets 
of  sand,  which  in  places  takes  the  shai)e  of  low,  flat,  northeast-south- 
west ridges  or  terraces,  representing  old  beach  lines  of  the  lake  which 
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forroerly  covt^rrd  the  rogion,  Althnugh  exceHsivoly  flnt,  the  coniilry 
hus  fi  genii*?  hIo^k^  stMinKuisUvrtnl  towiird  Jjiikn  Erie,  usually  iii^t  irx- 
ceeding  5  feet  to  the  luik*.  The  mnin  streams — Huron  Riveir  and 
Sw«n  Vrvvk — flow  hi  the  dtredinn  of  greatest  slope  to  the  southeast. 
whih»  the  smaller  i^treaiuis,  in  chiding  the  tributaries?  of  the  large 
tit  reams  immed^  flow  either  along  Minnlar  southeast  Ihies  or  eonvergt? 
shghtly  toward  the  main  drainage  lines. 

The  iH^^gion  is  a  poindous  one.  Roads  follow  nenrly  every  sectioti 
line,  und  houses  are  abundant,  there  being  frequently  from  ten  to 
twenty  to  a  section.  The  farms  are  correspondingly  small,  hut  are 
under  careful  cuUivation,  and  the  owners  appear  to  Ix*  pmspenjiis, 
Three  steaiu  raih*oads  and  a  trolley  line  give  frequent  communication 
with  Detroit  and  aiford  abundant  opportunity  for  the  shipping  of 
produce. 

Climate. — ^The  climate  of  the  region  is  tempered  to  a  certain  extent 
by  the  proximity  to  Lake  Erie,  l>eing,  with  the  exceptitm  of  the 
southwest  corner  of  ilichigan,  the  warmest  in  the  State.  The  aver- 
age minimum  temperature  is  39*^,  the  average  maximum  57"*,  and 
the  average  mean  48^,  The  rainfall,  which  is  about  HO  incht^s,  is 
low  as  compaiTd  with  certain  t)ther  portions  of  the  8tate,  where  it 
may  i-each  85  to  40  inches.     ( See  fig.  32.) 

There  are,  however^  considerable  areas  in  which  the  preei  pi  tuition 
does  not  exceed  *iO  inches.  Normally  the  rainfall  is  lowest  in  pJanu- 
ary,  when  it  is  under  2  inches,  and  highest  in  May  and  June,  when 
it  is  over  '^i  inches  [wr  mtmth.  AIkjuI  the  head  of  Hun>n  River  the 
rainfall  is  greater  than  along  the  lower  part  of  its  course  and  serves 
to  keep  the  stream  somewhat  higher  than  would  otherwise  be  the  case. 

GEOLOGY. 

SURFACE    MATERIALS. 

Character, — The  materials  overl^^ing  the  rock  in  the  region  consist 
largely  of  what  is  locally  called  "  clay,"  but  what  is  more  properly 
a  clay  with  an  admixture  of  sand  and  pebbles.  The  materials  are 
not  usually  arranged  in  definite  layers  as  in  stratified  deposits,  but 
commonly  exist  rather  as  heterogeneous  mixtures,  although  occa- 
sional beds  of  quicksand  or  gravel,  or  even  scattered  bowlders,  may 
occur.  In  consistency  the  material  is  tough  and  clay-like,  grayish 
blue  when  fresh,  but  becoming  yellowish  through  oxidation  of  iron 
on  exposure  to  the  weather  at  the  surface.  Some  bowlders  occur  in 
the  part  of  the  area  nearest  Detroit  River. 

Thickness, — Although  the  superficial  materials  have  a  flat  surface, 
their  thickness  varies  from  place  to  place,  because  of  differences 
in  elevation  of  the  buried  rock  surface,  which  reaches  much  nearer  to 
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tht?  top  of  I  lie  |rn)uinl  in  ^<*ino  plaroR  than  in  otliorN  Tli<*  rlawy 
({i*jH>sits  a IV  fniiri  ir>  Mj  \i)  fi*4*t  in  lliiLkueKs,  25  to  30  f<H»l  l«'iiijf  h  fair 
avora^^  in  the  iv^iims  Ijurk  frutii  the*  strfmias^  Thi>  sti^^^ms,  how- 
mvi",  huve  lilt  ihcir  rUuruicIs  iritu  I  he  cluy  tosoiriu  depth  mihI  in  pimp's 
h^ivi^  I'Vt'ij  rnt  iMjtirely  tliron^li  it  intii  tht*  vm*k.  (Vi-Hsionally  the 
im^k  ri»adie.s  nertrly  or  quiti*  t^j  the  onlinttry  sm'fact\  as  in  the  largw 
qNiirries  at  Newjiort, 

In  a  immd  way,  tht'  thickness  nf  the  clayH  may  \m  said  to  incn^m^ 
m  Detroit  liiver  uful  L»ke  Hrit*  aiv  approaehcnl.  Wi^i  u{  C'arletoii 
thi*  thirku<^ss,  iiH  Aunvn  by  wdls,  is  ixinunonly  alxMit  HO  ffH.'t.  Ka.st  of 
that  tuwn  the  deptli,  though  vni'iJibk^  is  S4>mi'tiiiies  its  nnu-h  a^  35 
fi*eti  while  neai*  Uorkw<x>d  tlie  thiWcne^Js  may  1m*  as  tiigh  as  40  fi^*i. 

f^r/f/m.— Tlit>  snriicial  materials  are  of  ^.anewhat  divei's^*  origin, 
'i'he  Ix^whleiN  ami  the  nnstratilietl  materials  were  (huivetl  frtmi  tlie 
^hicial  \vji'  which  onr«*  rove  red  the  ivgioju  the  aeennndatioti  taking  J 
phiee  imth*r  the  iee  or  very  elost*  to  its  imirgiii  during  halt^s  in  its 
retreat*  The  wiitei's  at  that  time  stood  hij^her  than  at  prest»nt,  cover- 
ing tile  en  tin:  an*a  under  {Jisf'tission  jind  renehiii^  taiek  as  far  as  llio 
base  of  tl>e  hills  near  Ypsilanti,  In  thenj  a  portion  of  the  days  tind 
the  sand  h»t*ally  covering  the  snrfaee  was  di^posited  as  the  iix*  re- 
tiT'ated.  Ice  and  water  de[)omtinn  w^eiv  simnltaneons  and  without 
sharp  Une>s  of  deniareatioTif  nuiking  it  diflirnlt  to  tbtrervntiate  one 
frtMn  tlie  other.  After  the  retrtn^t  of  tlie  ire  from  the  n^jtriim  the 
waters  hiially  saidf,  with  yc^veral  halts  at  diffeivnt  levels,  to  tbidr 
present  position.  During  these  halts  the  deposits  were  subjected  to 
more  or  less  washing  by  the  waves,  w ith  the  result  that  beaches  were 
cut  in  the  clay  or  constructed  of  sandy  materials  derived  from  it. 
These  are  the  so-called  terraces,  ridges,  or  beaches  extending  in  p. 
northeast-southwest  direction  across  the  region  northwest  of  the  area 
under  discussion  and  between  it  and  Ypsilanti. 

ROCKS. 

General  statement, — As  w  as  pointed  out  in  the  paragraph  in  which 
the  thickness  of  the  surface  deposits  was  discussed,  the  rock  surface 
is  irregular  as  compared  with  that  of  the  overlying  clays,  rising  at 
points  until  it  is  within  a  few^  feet  of  the  surface  and  again  sinking 
20,  30,  or  40  feet  below^  it.  There  are  no  great  inequalities,  however, 
and  even  if  the  soil  were  removed  the  surface  would  still  be  verj^  reg- 
ular, with  elevations  rarely  rising  more  than  20  feet  above  the  sur- 
rounding level.  The  irregularities  are  entirely  independent  of  the 
present  streams,  w^hich  in  the  main  have  been  determined  in  location 
entirely  by  the  surface  deposits.  The  rocks  underlying  the  clays  in 
the  lower  Huron  River  region  consist  of  limestones,  sandstones, shales, 
etc.,  arranged  in  belts  extending  in  a  northeast-southwest  direction, 
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or  at  right  angles  to  the  course  of  Huron  River.  They  are  reached  by 
all  but  the  shallow  wells  and  aiFord  the  greater  part  of  the  ground 
water  found  in  the  region. 

FORMATIONS. 

Dundee  limestone. — In  the  northwestern  portion  of  the  area,  or 
beyond  a  point  a  couple  of  miles  northwest  of  Carleton,  the  rock  is 
the  Dundee  limestone,  a  fairly  pure,  light-colored,  flint-bearing 
Devonian  limestone  of  perhaps  100  feet  in  thickness  and  dipping 
northwestward  at  a  rate  of  20  to  25  feet  to  a  mile.  It  is  character- 
ized by  waters  more  or  less  charged  with  sulphur  in  the  form  of 
hydrogen  sulphide. 


Fig.  r..*t. — Skotch   innp  of  soulhoastorn   MicliiKun,  showing  nn'a  disciissod. 

^*  Upper  Monroe*'  beds. — Tlioso  aiv  dral)  ma^nesian  limestones, 
or  dolomites,  soinot lines  carrving  sand  and  gypsum  and  other  min- 
erals. The  dip  is  similar  to  that  of  the  Dundee  limestone.  The 
waters  arc  hard,  l)ut  are  not  characterized  by  much  sulphur. 

Sylvania  HaiuLstonc, — This  is  a  white  sandstone  outcropping  be- 
neath the  clay  in  the  region  at  a  point  about  a  mile  east  of  Carleton, 
nearly  to  the  mouth  of  Huron  River.  The  dip  is  somewhat  flatter 
than  those  of  eitlier  of  the  preceding  fornuitions  and  is  more  to  the 
north  than  to  the  northwest.     It  yields  water  of  a  good  quality. 

^^  Lower  Monroe"^  hods. — These  are  generally  similar  to  the  lime- 
stones and  dolomites  constituting  the  "  Upi>er  Monroe  "  beds  already 
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(lescril)od,  but  arc  ofton  more  siliceous  than  the  latter.  They  out- 
crop i)arallel  to  the  Sylvania  sandstone  in  a  narrow  belt  along  Lake 
Erie  and  Detroit  River.     Their  waters  carry  some  sulphur. 

WATER  8UPPIiIE8. 

PRESENT  CONDITIONS. 

The  conditions  as  regards  water  supplies  vary  considerably 
throughout  the  region  under  consideration,  the  variations  being 
marked  by  diflFeronces  in  (composition,  he^id,  volume,  and  in  the 
amount  of  shortage  shown  in  the  time  of  drought.  Each  of  the 
individual  areas  will  be  si^parately  considered. 

WILU)W-EXETER    REGION. 

General  conditions. — The  term  "  Willow-Exeter  region  ''  is  applied 
to  the  area  now  or  formerly  furnishing  flowing  wells,  which  extends 
from  the  vicinity  of  Willow  southwestward  past  Waltz  into  Exeter 
Township,  Monroe  County,  at  its  northeast  corner.  The  area  in 
this  township  is  mainly  included  in  sees.  1,  11,  12,  18,  and  14,  with 
parts  in  s(»cs.  2,  10,  and  15.  The  lx?lt  lies  transverse  to  the  drainage 
of  the  region  and  is  located  mainly  over  the  outcrop  of  the  Dundee 
limestone. 

There  are  several  types  of  wells  in  the  district — dug  wells,  obtaining 
a  very  limited  supply  of  nonsulphnrous  water  from  the  clays;  drilled 
wells,  passing  through  tht*  clay  and  j)enetrating  the  rock  and  obtain- 
ing strong  siil[)]inr  watci-s,  which  will  fnM|uontly  (low  at  the  surface: 
and  a  combination  of  the  ^\\\ii  and  drilled  tyj)es  uniting  the  charac- 
Icristics  of  both.  Such  wells  aiv  usually  dug  for  about  15  foot  and 
continued  thence  by  a  small  ilrilled  hcde  down  to  the  rock,  which  is 
usually  ])enet rated  for  a  foot  or  two.  Tlu^se  wells  are  particularly 
adapted  to  those  cases  where  tlu»  water  will  ris(»  nearly,  l)ut  not 
((uite,  to  the  surface.  They  furnish  under  such  conditions  admira- 
ble opportunities  for  storage  and  will  ordinarily  yield  much  more 
water  than  the  ^iinj)le  j)ipe  wells,  which  often  show  a.  strong  tend- 
ency to  become  clogged  when  wati^r  is  most  needed. 

The  dej)th  of  the  wells  varices  from  about  15  to  .*^5  feet,  of  which 
all  but  a  foot  or  two  is  usually  through  tlu*  clay.  The  depth  is 
least  at  the  eastern  limits  and  great(*st  at  the  western  border  of  the 
district.  The  area  has  been  spoken  of  as  one  of  flowing  wells,  but  it 
is  generally  only  at  the  lower  j)oints  near  the  streams  or  in  sags  of 
the  sui'face  that  good  flows  are  obtained. 

C  oik]  if  ion  of  irclJs  in  lOOJ^. — An  examination  of  the  wells  of  the 
region  shows  a  lack  of  unifoi-mity  of  conditions.  Several  of  the 
surface*  wells  are  rej)()rted  dry,  while  in  others  the  supply  is  the 
same  as  usual.     No  decrease  is  noted  in  the  wells  in  the  sandstone,  and 
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most  of  the  limestone  wells,  or  those  yielding  sulplnir  wat^r»  show 
little  if  any  material  shortage,  although  a  finv  reported  losses,  which 
in  several  instances  wert*  rt*tunit*<l  wholly  or  in  part  after  cleaning* 
Some  interferenc*e  among  the  widls  exists- 

No  evidence  is  afforded  hy  the  welLs  ia  show  that  there  is  any  j^hort* 
age,  except  such  ai<  would  always  accompany  an  unusually  dry  sea- 
son. The  moderate  decrease  due  to  drought  has  not  lieen  regular, 
but  was  first  felt  by  the  shallower  wells  or  by  those  yielding  small 
stipplies,  and  last  by  the  dee|jer  and  stronger  wells.  The  shortage  is 
naturally  generally  most  ni*tiwable  in  tlie  fh>vvin^  wells,  in  which  a 
difference  of  a  foot  or  two  in  head  may  determine  whether  they  will 
flow  or  not.     Shortage  in  previous  years  is  reported. 

The  head  of  tlie  water  in  relation  to  altitude  declines  from  622  feet 
above  sea  level  in  the  western  part  of  sec.  14,  T*  5,  R.  S,  to  000  feet 
near  the  east  line  of  sec,  19  of  the  next  township  east,  or  a  little  over 
7  feet  to  the  mile.  This  would  indicate  thiU  the  source  of  the  supply 
was  to  the  west,  probably  in  the  glacial  hills  near  Ypsihinti. 

CAHLETON    REOTON, 

The  Carleton  region  is  one  of  non flowing  wells  lying  between  the 
Willow-Exeter  and  the  Swan  Creek  flowing- well  districts.  The  wells 
are  commonly  alxnit  ^0  to  S5  feet  deep  and  prolialdy  enter  for  a  few- 
feet  the  Sylvan ia  sandstone,  from  which  they  get  supplies  of  nearly 
or  quite  sulphur- fn*e  water  by  pumping.  In  general  no  material 
shortage  was  reported  in  August,  although  the  wells  were  somewhat 
lower  than  usual. 

SWAN    CREEK    REGION. 

General  conditions, — This  is  a  region  of  flowing  wells  extending 
along  the  valley  of  Swan  Creek  from  near  the  Detroit  Southern  Rail- 
road, 1^  miles  northeast  of  Carleton,  southeast  to  a  point  about  the 
same  distance  from  the  Lake  Shore  station  at  Newport.  At  the 
north  the  district  opens  out  and  merges  with  the  Huron  River  and 
Rockwood  districts  of  flowing  wells.  The  area  is  mainly  over  the 
outcrop  of  the  Sylvania  sandstone. 

The  wells  are  of  the  dug,  drilled,  or  dug  and  drilled  types.  Except 
those  of  the  first  type  they  all  obtain  their  water  on  entering  the  rock 
after  passing  through  the  stiff  impervious  clays.  The  wells  have 
hitherto  always  yielded  good  flows  of  nonsulphurous  water.  Their 
depth  commonly  varies  from  20  to  35  feet,  according  to  location,  the 
shallower  ones  being  near  the  creek  in  the  southern  part  of  the  dis- 
trict. 

Condition  of  wells  in  1904, — As  in  the  Willow-Exeter  region,  the 
behavior  of  the  wells  is  not  uniform.    In  the  Swan  Creek  regioi 
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liowevt»r,  n(>arly  every  well  wliowji  filiorta^,  thf  amount  varying  tnm 
n  \m  tv ly  i u>t  i t'(^ » 1  >I i*  il t*c'ivu  se  i  o  h  ft> n 1 1 ilet  o  f « i  1  u  r< *.  The  sii  r  face  w^lb  J 
ar^  very  (inifnnnly  dry,  Hlth<»n^li  ovt*ii  \\t*iv  tlu^r  miv  i*,\a:|jtlt*rrs 
Sonii?  of  tht*  iirtt^sinn  widln  Ukvc*  stopjMn!  Hnwitig,  winU*  (itht*t>i,  ilunigli 
^ill  riiiijnii|r,  riw  to  only  a  part  of  their  former  height.  In  tJie  non- 1 
flowing  driJltMl  wo  Us  the  los«  of  h^'iid  is  often  Init  a  few  feet,  but  soniv 
of  the  drilled  welb  huve  etitirely  fniled*  In  the  euiiibi nation  ihtg 
aiifl  drilled  wellis  th«  water  ha^  generally  sunk  so  low  that  it  no  longer 
eijtei>^  tile  du^  part.  The  natural  spring*^  whieli  formerly  issiM*d 
alotig  tlie  valleys  have  nejirly  all  i^ras^'d  to  flow. 

Suggestions  of  ^hortagp  have  apjit^anHl  weveral  times  in  past  years 
a  nunilH*r  t>f  wells  having  piwimisly  (vastHi  U*  flow  or  g*>ne  dry  teln|w^- 
rarily.  The  tx^girming  uf  t!u*  ]>r4^M*ut  shortage  wils  felt  in  lyiKV,  but 
during  the  fall  the  ^^upply  returned  in  part*  althtMtgh  it  was  low  dur- 
ing the  winter,  and  fell  oi)'  niiiully  agjiin  in  tla*  spring  of  I9t>4.  At 
just  what  time  tlie  failure  began  eaii  not  lie  detertniued*  No  one  was 
l(M>kjng  for  a  shortage,  and  it  waw  only  whcu  wells  lH*gan  to  go  dry 
that  attention  wiis  paid  to  their  condition,  and  it  was  found  that  an 
almost  nnivei'iial  shortage*  prevailed. 

Supposed  citu-fiefi  of  Ahorfaf/f.^}^i\ihiug  eould  be  more  rariahle  thaa 
the  opinions  presented  as  to  the  eaiis^^  of  short agt.\  The  most  gtMH'rul  ' 
of  the  explanations  attributed  the  loss  uf  water  to  ^ubterranejin  drain* 
age  by  a  deep  roek  well  loeated  at  the  southern  extremity  of  ftrof*^ 
Isle  and  flt^wing  nt  I  lie  i-ate  of  si  barrel  a  seeiaid.  Ci*edit  wai:^  given  to 
this  supj>osi*d  eause  Uy  numy  who  wmjld  not  otherwi-i^  Imivi*  thotiglil 
of  it,  because  of  the  fact  that  one  or  two  of  the  wells  near  Rockwood 
ceased  to  flo\v  temporarily  in  the  fall  of  1008  only  to  begin  again  i^ 
.short  time  after,  and  to  continue  until  the  spring  of  1904,  when  they 
again  ceased.  These  changes  are  said  to  have  coincided,  respectively^ 
with  the  striking  of  the  water  vein,  inserticm  of  casing,  and,  finally, 
\vith  the  withdrawing  of  tlie  pipe  from  the  (Irosse  Isle  well. 

Others,  how^ever,  see  no  connection  with  the  (Irosse  Isle  well,  attrib- 
uting the  shortage  to  lack  of  rainfall,  the  frozen  condition  of  the 
ground  when  the  rains  of  tlie  previous  autuuni  fell,  the  extensive 
ditching  of  the  laud  in  recent  years,  aiul  the  consequent  increase  of 
run-off  as  compared  with  absorption,  and  to  drainage  by  the  quarry 
at  Newport.  All  are  possible  causes  and  were  investigated  with  the 
view  of  finding  the  determining  factor. 

Steps  taken  to  increase  supplies. — Several  methods  of  remedying 
the  shortage  were  tried,  the  first  being  the  cleaning  of  the  wells.  In 
a  few  of  the  less  serious  cases  this  was  effective  and  the  supply 
returned,  at  least  for  a  time,  but  in  other  cases  the  cause  of  failure  was 
more  deep  seated  and  independent  of  imperfections  of  the  well.  In 
such  cases  cleaning  did  but  little  good  and  deepening  of  the  well  was 
resorted  to.     In  some  eases  the  dug  part  was  carried  a  few  feet  deeper. 
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and,  hy  giving  more  storage  spart*  for  the  water,  afforded  temporary 
i*elief,  bill  the  ammuit  of  water  was  seldom  materially  inrrmsetL  Th^ 
iiinst  offrclivo  ivsults  woro  tilitaiiu^d  liy  <leept*niii^^  {hi*  \H>r\\on  of  th^ 
well  in  thi*  ViH-k,  Wlunv  (his  was  doiK*  moiv  water  was  ahnosl  always 
obtained,  although,  of  coni^He,  it  iiad  to  W  pumped  to  tlie  surface. 

irCTHDN  RIVEK  REGION. 

frenerfil  eondifiom, — This  district  extends  along  Huron  River  from 
a  ix>irxt  a  mile  or  two  southeast  of  New  Boston  downstream  to  a  point 
Iwyotid  Flat  K<Kk.  where  it  merges  with  tlie  Ro(*kwood  and  Swan 
Cri'ek  ureas*  The  n.M;k  is  largely  Sylvauia  saiulstoiie,  exeept  at  the 
northern  end  of  the  distriet.  The  wells,  as  in  the  previous  districts, 
nn^  of  the  dug,  il rilled,  or  dug  and  drilled  tyi^'S,  and  range  from  abtjilt 
25  tu  VtO  ft*et  in  depth.  A  large  portion  of  the  wells  How,  or  did  How 
before  the  present  shortage.  At  the  northern  end  of  the  distriet  the 
wells  yield  sulphur  water,  but  in  most  of  the  remaining  portions 
they  yield  water  without  sulphur. 

Condition  of  welh  in  1904* — In  a  broad  way  it  may  l)e  said  there 
^fs  a  general  sliortage  uf  water  in  tlu*  region,  but  that  it  is  not  so  sc*V(a*e 
as  in  the  Swan  Creek  district,  for  along  the  Hunju  many  wells  still 
furnish  good  supplies  of  even  flow,  while  in  the  latter  region  the  fail- 
ure is  almost  univei^ab  The  causes  astTil>ed '  for  the  shortage  ai*e 
similar  to  those  of  the  tSwau  Cri.H»k  urea,  but  with  less  weight  giv^en 
to  the  supposed  intluence  of  the  GrossL^  Isle  well.  Cleaning  and, 
more  es[>eeirtlly,  deepening  the  wells  generally  resulted  in  an  improve- 
ment in  the  conditions. 

ROCKWOOD    REGION. 

General  condition,^. — The  Rockwood  area  includes  the  region  west 
and  southwest  of  that  town  and  Ix^tween  it  and  the  Swan  Creek 
area,  together  with  the  region  near  the  town  on  the  north  side  of 
Huron  River.  It  can  be  considered  as  merging  into  the  flowing-well 
areas  of  Swan  Creek  and  Huron  River  on  the  west  and  into  the 
Detroit  River  region  on  the  east.  The  area  is  mainly  over  the  out- 
crop of  the  Sylvania  sandstone  and  yields  waters  generally  free  of 
sulphur.  The  wells  are  generally  from  20  to  40  feet  in  depth  and 
are  nonflowing,  except  near  Huron  River. 

Condition  of  wells  in  100 Jf. — The  field  work  showed  a  marked 
shortage  of  supplies  with  many  complete  failures.  Most  of  the  arte- 
sian wells  had  flowed  uninterruptedly  for  many  years  until  they 
ceased  in  the  summer  of  1904,  but  a  few^  stopped  flowing  in  1903, 
when  the  present  shortage  first  began  to  be  felt.  During  the  winter 
of  1903^  there  was  a  slight  increase  over  the  preceding  fall,  but 
a  considerable  number  of  wells  are  known  to  have  remained  low  all 
winter  and  one  or  two  stopped  flowing.    While  the  flows  of  the 
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imiiviiliml  well**  stopp«?cl  suc](knl}%  the  ^toppagi^  was  not  m  mil  I  tar 
OUB  in  tUffennil  welU,  I  hi  I  <*xU*iKtiHl  ovi*r  u  tMJiissiik^nihle  jwriocl 
iluHK     T\w  wells  ill  the  rt^jrton   hrivc  nhviiys  Imh-ii  sanu'wlmt   ^mir^ 
tivi\  as  if  I  liming  at  or  iu*iir  tlieir  run  xi  in  inn  IhvuL  iKnut*  a  ^li/jh 
decTinis«>  of  tht^  hmid  wntild  caiise  them  to  ntop  flowinj^  ratlier  al)niptlj 
Several  of  the  \v<^IIs  luive  mIwjivs  flowed  rc^ily  wutcr  befaiv  ^tonm" 
and  sot  I  It*  eeftHtni  tJowiiig  during  j>rol<jiigx^d  periods  of  we3st«*rly  wini]!< 
Tht*  shortage  ii^  greatest  west  of  R(K*kw(MHU  l>eeoniing  le«s  as  tJin 
town  101(1  I)i*troit  River  are  approached.     Many  i*f  tlie  wells  tlmt 
hftv**  eeased  to  flow   sUll   yield    wnler  hv   pninpin^,   whik*  eh^aniii^ 
and  det*p<*niug  often  add  niateriMlly  to  the  siippliea  ■ 

Sitpponrfl  rauM'^  of  shortiff/f'*  -The  ex  pi  an  id  ions  of  (lie  shorta^ 
are  the  swine  as  in  the  Swan  Cnn^k  iii\n\,  with  s|aH*jal  emphasis  on  llm 
Gro&se  Isle  well  and  the  Newport  cjiiarry*  Oii  both  of  these  sup* J 
posed  caus<'K,  however,  opinions  are  divided,  those  not  ix*lievin|f  in 
their  intlnenet*  Ixnng  ai^  jx>sitive  as  those  favoring  sneh  intorferena*, 
It  was  notitx'ftble,  however,  that  the  l>eli€f  in  both  the  qimrry  audi 
dfH^p  well  iM^eiime  h*ss  firm  the  nearer  they  were  apf>roaehed,  Iwtn^ 
held  rather  by  the  owners  of  more  distant  wells  thaii  by  thusi*  of 
the  iioarer  ones» 

DKTBOrT   RIVER   REOION. 
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This  repnn  inrhuloft  the  area  between  the  Enckwond  district  nm 
the  shores  of  Detroit  Rivur,     The  region  is  low,  being  only  a  few  _ 
feet  al>ove  the  river  and  lake  Ifvel,  iind  along  the  shore  and  cmks  ^ 
is  often  decidcMlly  marshy.     Tbe  region   is,  however,  quite  thickly 
settled  and  wells  are  al)iuidant,  but  probably  average^  under  '20  M 
in  depth.     In  general  there  has  l>tH.m  mi  tronljle  with  shortage  oi 
water,  altliough  in  a  few   iiir^iaiUA-.'^  (he  ualer  was  ihuugiit  to  Ik?  * 
little  below  its  maximnni  summer  level.     No  particular  cause  of  shof^' 
age  was  advanced  other  than  a  general  Ixdief  that  the  numero^^^ 
salt  and  other  wells  might  have  had  some  effect.     It  is  probal^^^ 
that  in  reality  the  water  was  as  high  as  or  higher  than  is  ordinari^^ 
the  case,  as  Lake  Erie,  which  controls  the  ground-water  level  adj^ 
cent  to  its  shores,  stood  about  15  inches  above  the  normal  in  th^^ 
summer  of  1904. 

GROSSE   ISLE. 

General  conditions, — Grosse  Isle  is  a  north-south  island  about  0 
miles  long  and  2  miles  wdde,  lying  on  the  American  side  of  th^ 
international  boundary  in  the  Detroit  River,  its  center  being  opposite 
the  town  of  Trenton,  18  miles  south  of  Detroit.  The  population  is 
mainly  located  along  the  shores  of  the  island,  only  one  or  two  houses 
l)eing  situated  in  the  interior,  notwithstanding  the  entire  island  is 
under  cultivation.    The  surface  is  mainly  clay  or  clayey  silts,  but 
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rock  is  commonly  found  not  far  from  ri\er  level  and  in  one  point, 
Inhere  it  rises  ^iightly  higher,  is  quarriud. 

Vei\v  few  wells  have  Iw^eii  sunk  on  t!io  isijuid,  tlie  main  supply 
lieiM^  from  i)ii)es  extending  nut  l>eiieath  the  surface  to  det^p  water  in 
the  river.  The  water  is  pumped  directly  from  thea!  pipes  by  means 
of  windmills,  no  provision  Iwing  made  for  filtering.  There  is  some 
typhoid  on  the  islamh  The  hm  wells  that  have  Ijeen  sunk  in  the 
interior  penetrate  clay  to  the  rock,  which  is  entered  at  about  20  imL 
The  water  of  the  dug  wells  is  from  the  clay,  but  the  drilled  welli^ 
enter  the  rock  and  obtain  an  ii-on-lx^aring  water  carrying  some  fyul- 
phun  No  shortage  was  rejxirted  in  1904,  and  no  one  hail  ol>servetl 
the  slightest  effect  due  to  the  big  well  at  the  southern  end  of  the 
island. 

Grm^e  Iftle  or  James  Swan  welL — This  well  is  located  on  tlie 
property  of  James  Swan,  opposite  Snake  Island,  about  three- fourths 
mile  from  the  exti"eme  southern  point  of  finesse  Isk%  and  was  2  or  3 
feet  alx>ve  the  level  of  the  river  in  11^04. 

The  well,  which  was  sunk  in  search  of  oil  or  gas,  was  lK*gun  in 
1903  and  annpleted  in  May,  li>04,  having  reached  a  depth  of  2,375 
feet  without  obtaining  anjihing  of  value.  The  diameter  at  top  is 
10  inches,  decreasing  to  6  inches  at  the  iHittom.  A  13-inch  casing 
extends  from  the  surface  to  the  rock  at  17  feet. 

The  fil^st  consideral>le  flow  of  water  was  encountered  at  420  feet, 
but  at  450  feet  a  higgler  flow  was  obtaineil.  Roth  were  fresh j  I»ut  as 
the  well  was  drilled  dee{>er  flows  of  sulphur  water  were  encountered, 
which,  although  relatively  suudl,  were  sufficient  to  impart  a  con- 
siderable amoimt  of  sulphur  to  the  water  as  it  issues  from  the  pipe, 
and  to  be  recognizable  by  taste  and  sulphur  deposit  on  the  grass  and 
stones  about  the  well. 

Analysis  of  icater  from  James  fiwan  xcclU  Orosse  Isle, 
F.  K.  0\  iTZ,  analyst. 

[Parts  per  million.] 

Snica 188 

Calcium  oxide 7,61« 

Strontium  oxide 376 

Magnesium  oxide 1,212 

Sodium  oxide 292 

Potassium  oxide 112 

Sulphuric  anliydride 11,871 

Clilorine 248 

Carbon  dioxide 1,550 

Iron  and  alumina 1 14 

Loss  on  ignition 2,006 

Total  solids 25,485 
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Tho  water  is  said  to  have  Ikhmi  casiMl  off  during  the  progress  of  thf> 
iliilliii^,  from  August,  IJMK^,  to  May,  11)04,  when  the  casing  was  finally 
pullod.  At  pivsi'iit  tho  water  issui»s  in  a  jot  11  inches  higli  fi-oni  tho 
l:Kiii(*h  ])i|H\  foniiiii^  a  fountain  of  oonsidorable  size.  (^See  PL  IV.) 
Tho  How  is  caloulatod  at  about  50  gallons  jwr  second  and  fonns  two 
sizable  stivanis  as  it  Hows  away  from  tho  well.  The  watier  was  tested 
to  a  maximum  hoight  of  ±J  fcH»t  alH)vo  the  surface.  It  is  stated  that 
tho  ownor  (•ontomi)latos  using  the  water  for  a  public  supply  for  the 
island. 

SIMMARV. 

Tho  conditions  of  tho  wolls  at  tho  present  time  have  l)een  descrilKnl 
in  detail  in  tho  luvcoding  [)agos.  With  tho  exception  of  the  narnnv 
lK»lt  ahmg  tho  slioro  of  Dolroit  Kivor,  where  the  supply  is  largely 
governed  by  the  height  of  tlio  rivor,  the  loss  of  supply  has  evory- 
whero  Uvn  felt  in  varying  degiws.  In  the  Willow-Exeter  and 
Carloton  regions  the  shortago  is  vory  slight,  while  along  Huron  River 
it  is  only  moderate.  In  the  Swan  Civek  and  Rockwood  regions,  on 
tho  oonti'ary,  tlii»  shortage*  is  oxeessive,  a  large  proportion  of  the  wells 
going  dry  and  (»ntailing  mueh  ineonvonionce. 

DECLINE   OF   THE   SUPPLY. 
IIISTOUV. 

Tlie  i)rost»nt  s(»ason  dcx^s  not  mark  tho  l)oginning  of  the  decline,  but 
rnthor  its  rulniiiiation.  Invosligatioiis  iiunh'  by  l*rof.  W.  II.  Shorzor 
provioii^  to  IIMH)  >*h(»\vi'il  that  ovoii  tho  shrinkage  of  supplies  had 
l>o(Mi  in  proiri'oss  for  many  yoars.  In  his  roj)ori  on  ilonroi*  County," 
lio  states  that  whilo  contiiuioil  dronglit  makes  no  impression  on  ma?iy 
of  tlu*  wells,  the  Muw  of  others  i>  rediieed,  or  ahnost  or  Cjuito  stoppod. 
The  n|)ening  <}{'  new  welK  was  found  to  atl'eet  tho  How  of  others  in 
the  neiirlilMnhood,  an«l  tlie  areas  omt  wliich  ai'tesian  Avators  could  Ih» 
seiMired  wei'e  found  to  he  beeouiing  i'onstaiitly  inonM'ontraotod.  Wolls 
in  the  southei-n  j)ai't  of  Kri»'  Towiishij),  l»aek  *'.  miles  from  the  lake. 
whieh  formerly  flowe(|,  had  then  ceaMMl. 

The  deeline,  noted  by  Professor  Sherzer  as  having  already  i)ro- 
gn'ssed  foi-  some  time,  has  continued  to  the  i>resont  time.  The  ai'oas 
of  Mowing  wells  outline<l  hy  him  on  \\\>  \iu\\)s  at  that  time  are  more 
extensive  than  those  at  the  beginning  (d*  liM)K  while  by  tho  clost>  of 
tho  sununer  of  that  year  very  few  llowing  wells  remained  in  some  of 
the  regions,  as  in  the  valley  of  Swan  Creek  and  near  Uoekwood. 

Not  only  have  the  artesian  wells  ceased  to  (low,  but  the  water  in 
tho  nonllowing  wells  is  lower  than  formerly.  In  faet,  the  level  of 
the  ground  water  in  the  elay(\v  portions  of  southeastern  Michigan 
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distinctly  lower  than  it  was  ten  years  ago,  and  much  lower  than  it 
» twenty  years  ago.  It  is  only  in  a  limited  district  that  the  pro- 
falling  off  occurred  during  l^KH. 
The  general  decline,  which  has  been  going  on  for  many  years^  is 
probably  due  to  a  gradual  and  far-reaching  change  of  conditions 
the  nature  of  which  will  be  considered  on  subsequent  pages;  but  the 
rapid  decline  of  the  last  two  seasons  is  doubtless  due  to  local  caus^ 
acting  with  special  force  in  the  region  in  question. 

ONUSES  OF  THE  DECLINE. 
GBOSSE  ISLE  WELL. 


General  statement, — It  is  this  well  which  has  most  frequently  been 
assumed  as  a  cause  of  the  shortage  of  water  in  the  region  imder  dis- 
cusion.  That  it  can  not  be  the  sole  cause  is  readily  shown  by  the  fact 
that  the  decline  had  been  going  on  for  many  years  before  its  sinking 


Fi(5.  34. — Actual  and  thoorptlcal  positions  of  water  tabic.  li,  Wator-l»enrlnK  bed  of  (irosae 
Isle  woU ;  C,  theorotlcal  crovlce  loadln;;  from  surface  to  water-licaring  IxhI  :  I),  depressed 
form  which  water  table  would  bav<»  If  water  was  belnp  drawn  Into  the  rocks  through 
crevice  C  In  sufficient  quantity  to  affect  wells. 

in  1903.  That  it  might  bo  the  cause  of  the  special  decline  in  that 
and  the  following  year  did  not,  however,  appear  unlikely  at  fii^st,  a 
special  argument  being  a  Horded  by  the  Ix^havior  of  the  wells  of  J.  E. 
Brown,  etc.,  of  the  Swan  Crec^k,  and  of  Charles  Bancroft,  etc.,  of  the 
Rockwood  district,  which  went  dry  when  the  big  flow  of  the  Grosse 
Isle  w^ll  first  Ix^gan  in  1008,  but  returned  coincident  with  the  inser- 
tion of  the  casing,  only  to  cease  again  after  its  withdrawal  in  May, 
1904.  There  are,  however,  many  facts  which  seem  to  show  that  the 
shortage  has  no  connection  with  the  (irosse  Isle  well. 

Districts  affected, — The  investigation  made  by  the  writer  showed,  as 
has  been  described,  that  while  wells  in  the  Swan  Creek  and  Rockwood 
districts  ceased  flowing  or  failed  to  yield  their  usual  supplies,  other 
wells  much  nearer  Grosse  Isle  maintained  nearly  their  usual  flow, 
those  nearest,  even  those  on  Grosse  Isle  itself,  showing  no  decrease 
whatever.    The  conditions  of  underground  drainage  would  need  to  l)e 
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very  exceptional  which  would  leave  a  near-faj 
while  seriously  affecting  more  remote  districts. 

Slope. of  water  table. — ^With  a  view  of  detenmning  tiie  aooittof 
the  water  of  the  Swan  Creek-Rockwood  area,  the  head,  or  hei|^  to 
which  the  water  would  rise,  was  plotted  for  each  well  in  tiie  region. 
It  was  found  that  this  head  showed  an  increase  going  west  of  about  S 
feet  per  mile,  indicating  a  source  in  the  hilly  region  to  the  northweaL 
The  increase  of  head'to  the  west  (or  decrease  to  the  east)  was  rBB^dar, 
there  being  no  local  lowering  with  a  reversed  ^^pe  downward  toward 
the  rock  such  as  would  be  present  if  the  water  was  being  drawn  down 
into  the  latter  through  a  fissure  connecting  with  the  stratum  foxniflh- 
ing  water  to  the  Grosse  Isle  well  (see  fig.  34). 

Geologic  structure. — ^The  precise  point  where  the  main  water-beai^ 
ing  bed  of  the  Grosse  Isle  well  outcrops  and  whence  its  supply  of 
water  is  derived  can  not  be  stated.  The  rocks  incline  regolarly  to 
the  northwest  (or  rise  to  the  southeast)  at  a  rate  of  perhaps  90  feet 
to  the  mile.  On  the  basis  of  this  dip  it  would  seem  probable  that  the 
bed,  which  has  a  depth  of  450  feet  at  the  weU,  would  ccHne  to  the  sor- 
face  somewhei*e  west  of  Leamington,  Ontaria  In  the  Huron  River 
region,  however,  it  would  be  even  deeper  than  at  the  well,  probably 
being,  in  the  vicinity  of  Carleton,  nearly  800  feet  below  the  snrfaoe. 
The  chance  of  there  being  any  fissure  through  all  this  thickness  of 
strat»,  by  means  of  which  connection  between  the  deep-water  beds 
and  the  surface  wells  might  exist,  is  very  slight.  On  the  other  hand, 
water  can  pass  downward  along  tho  iKnlding  planes  with  the  greatest 
case.  Such  is  j)r()bal)ly  the  case,  the  water  being  derived  from  the 
Ontario  region  rather  than  on  the  American  side  of  the  river. 

Volume. — A  strong  impression  is  left  on  the  mind  of  one  visiting 
the  (Jrosst*  Isle  well  by  the  inunense  volume  of  its  flow,  which  is  cal- 
culated to  Ik?  lx»tween  45  and  50  gaUons,  or  over  a  bariHil,  a  second. 
When,  however,  it  is  recalled  that  the  region  in  which  the  failure  of 
the  wells  has  Ix^en  attributed  to  dross  Isle  hole  has  an  area  of  OA'er 
100  square  miles,  it  will  be  seen  that  the  amount  which  could  be 
taken  each  second  per  square  mile  is  not  over  half  a  gallon,  or  less 
than  a  thousandth  part  of  a  gallon  per  acre.  The  amount  ordinarily 
taken  from  a  scjuai^e  mile  by  the  flowing  wells  of  the  Swan  Creek  and 
Rockwood  districts  was  much  moiv  than  this;  in  fact,  the  taking  of  a 
thousandth  part  of  a  gallon  jx»r  acre  each  second  would  probably  not 
have  made  noticeable  effect  on  the  flows. 

Head, — The  most  convincing  reason  why  the  (irosse  Isle  well  can 
not  have  affected  the  Swan  Creek- Rockwood  wells  lies  in  a  compari- 
son of  the  heads  of  the  water  in  the  two  localitit^s.  The  head  of  the 
Grosse  Isle  well  is  25  feet  aljove  lake  level,  or  approximately  597  feet 
above  sea  level,  while  that  of  a  considerable  number  of  the  Swan 
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Creek  and  Rockwood  flows  is  less  than  this  amount.  In  other  words, 
the  head  of  the  Grosse  Isle  well  is  greater  than  many  of  the  wells 
under  discussion,  and  the  water,  if  any  connection  existed  between 
the  two,  would  not  be  drawn  from  the  shallow  wells,  but  rather 
forced  up  into  them. 

Summary. — ^The  evidence  at  hand  gives  no  indication  of  any  con- 
nection between  the  shortage  of  the  shallow  wells- and  the  flow  of  the 
big  Grosse  Isle  well,  but  affords,  on  the  other  hand,  many  indications 
that  none  exists.  The  supposed  connection  with  the  Grosse  Isle  weU 
of  the  loss  of  water  in  the  Brown  and  Bancroft  wells  in  1903  is  the 
result  of  mere  coincidence,  the  failure  simply  happening  to  take  place 
at  the  height  of  the  dry  season  of  that  year.  That  they  should  have 
failed  in  the  still  dryer  season  of  1904  was  to  be  expected.  The  con- 
ditions were  almost  certainly  local,  as  other  wells  in  the  vicinity  were 
not  similarly  affected  at  the  same  time. 

NEWPORT  QUABRY. 

The  underdrainage  caused  by  the  quarry  was,  next  to  the  Grosse 
Isle  well,  most  commonly  advanced  as  a  cause  of  the  shortage  along 
Swan  Creek.  A  visit  was  -accordingly  paid  to  the  locality  and  the 
conditions  investigated. 

The  quarry  is  located  just  east  of  the  tracks  of  the  Lake  Shore  and 
Michigan  Southern  Railroad  at  Newport  and  a  few  feet  north  of 
Swan  Creek.  The  quarry  is  200  to  800  feet  across  and  is  excavated 
to  a  depth  of  18  feet  in  the  limestone,  which  is  reached  after  10  or 
15  feet  of  stripping.  The  creek  flows  on  top  of  the  rock  surface,  18 
feet  above  the  bottom  of  the  (luarry,  and  is  sc»parated  from  the  exca- 
vation by  a  small  dike.  Water  enters  at  various  points  in  small 
amounts,  but  is  easily  removed  by  pumping  at  a  rate  of  alnnit  one- 
half  a  gallon  a  st^cond  (4-inch  pipe,  one-half  full,  but  ejected  with 
slight  force).  A  part  of  the  wells  near  at  hand  have  l)een  affected, 
but  the  decrease  in  the*  water  supply  is  not  universal  even  within  a 
few  hundred  feet  of  the  (jiiarry.  A  quarter  of  a  mile  back  no  effect 
has  l)een  noted. 

The  small  amount  of  water  entering  the  quarry  is  in  itself  an  indi- 
cation that  no  extensive  area  is  being  drained,  while  the  fact  that 
only  a  part  of  the  adjacent  wells  are  affected,  while  those  a  short 
distance  away  are  unaffected,  shows  that  even  in  its  vicinity  the 
quarry  may  be  neglected  as  a  factor  in  the  shortage  of  the  water 
supply. 

DKKORESTINC.   OF  THE   lAND. 

The  existence  of  forests  in  a  n^gion,  while  not  affecting  the  amount 
of  water  falling  on  the  ground,  tends  to  i)revent  its  escajw  into  the 
streams  with  the  rapidity  with  which  it  runs  off  of  nontimbcred 
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land&  By  holding  it  back,  even  for  a  faw  hours,  oonaderaUy 
greater  quantities  are  allowed  to  soak  into  the  ground  than  would 
otherwise  be  the  case.  Evaporation  from  the  surfaoe  is  alao  retarded, 
tlie  ground  remaining  wet  for  much  longer  periods  in  wooded  than 
in  unwooded  lands.  The  cutting  of  the  timber  most,  therefcHrey  be 
accepted  as  a  factor  in  the  general  decrease  of  the  supplies  of  Uk 
region.  This,  however,  was  ^effective  only  in  the  earlier  days;  it  cu 
not  be  considered  as  one  of  the  immediate  cauaeB  of  the  sudden  shoit^ 
age  of  1903-4. 

naAiNAoa  bt  dixci 


The  region  under  discussion  is  exceedingly  flat,  and,  because  of  its 
clayey  soil  and  poorly  developed  stream  system,  was  originally  poorly 
drained,  the  low  sags  often  hdiding  water  or  remaining  wet  for  long 
periods.  All  this  has  been  gradually  changed  throu|^  drainage  by 
ditches,  with  the  result  that  much  land  has  been  reclaimed.  The 
process,  however,  has  not  been  without  its  drawbacks,  for  the  ditches 
rapidly  carry  oif  much  of  the  water  which  had  previously  soaked 
into  the  ground  to  become  a  part  of  the  ground-water  body.  The 
result  has  been  a  gradual  depletion  of  the  ground  water,  especially 
within  the  past  few  years,  so  that  the  beginning  of  the  present  drought 
found  an  inadequate  reserve  supply  in  the  ground. 

DRAINAGE  BY  BTBEAlf ■. 

The  level  of  streams  generally  determines  that  of  the  ground  water 

ill  tlieir  vicinity,  tlie  latter  subsiding  as  the  streams  fall.  During 
15)04  both  Huron  Kiver  and  Swan  Creek  were  unusually  low  and  thus 
drew  unusual  (juantities  from  the  surrounding  water  table,  ^vliich 
was  thereby  naturally  lowered.  Huron  River,  being  a  longer  stream 
and  one  havin<r  its  source  in  a  region  of  <j^reater  rainfalK  was  not  so 
low  as  Swan  (^reek,  the  entire  course  of  which  falls  within  an  area  of 
low  rainfall.  Mor(»over,  the  latter,  flowing  over  clay  nearly  destitute 
of  water,  n^ceives  in  considerable  i)ortions  of  its  course  only  .slight 
additions  by  percolation.  It  is  probably  for  these*  n^asons  that  the 
shortage  is  marked  along  its  course  rather  than  in  any  other  part  of 
the  region. 

EABl.Y  FBOST  OF   I  DO.' 5. 

This  appears  to  have  l)een  an  important  factor  in  bringing  on  the 
present  acute  shortage.  According  to  the  official  records,  the  perma- 
nent freezing  of  the  ground  took  place  on  November  17,  which  was 
l)efore  the  heavy  autumn  rains  had  fallen.  There  was,  therefore, 
little  chance  for  the  rainfall  to  soak  into  the  ground  during  the  win- 
ter and  spring  months.  This  was  made  manifest  by  the  low  water  in 
many  of  the  wells  during  the  winter,  the  result  IxMug  that  when 
spring  opened  the  gromid  water  was  at  an  unusually  low  stage. 
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DOicnif  CT  or  maxkwall  in  1904. 

Because  of  the  fact  that  the  ground  was  frozen  during  the  autumn 
and  winter,  the  ground  was  in  much  the  same  condition  at  the  open- 
ing of  the  spring  of  19<M  as  it  was  at  the  end  of  the  preceding  sum- 
mer, and  as  month  after  month  during  the  present  summer  went  by 
with  deficient  rainfall  the  shortage  began  to  be  severe.  The  shortage 
of  rainfall  in  1904  is  brought  out  by  the  climate  and  crop-sowing 
reports  of  the  Government,  which  show  that  from  the  opening  of 
spring  until  July  the  rainfall  was  only  from  one-eighth  to  a  little 
over  one-half  of  the  usual  amount.  I^ate  in  July  and  in  August  con- 
siderable rain  fell,  but  as  it  came  largely  as  short,  heavy  showers  the 
water,  instead  of  soaking  into  the  ground  as  in  more  gentle  rains, 
formed  streams  and  ran  off  rapidly.  The  part  that  soaked  into  the 
ground  was  entirely  insufficient  to  compensate  for  the  many  dry 
months  which  had  preceded,  esiwcially  as  the  relatively  wet  months 
of  August  and  September  were  followed  by  several  months  when  al- 
most no  rain  fell. 

CONCLUSIONS  REGARDING  SHORTAGE. 

No  evidence  was  found  to  show  that  the  Grosse  Isle  well  had 
affected  any  of  the  wells  whatever,  nor  that  the  Newport  quarry  was 
a  factor  ;n  the  failure  of  wells  other  than  those  situated  within  a  few 
hundred  feet  of  it.  The  deforesting  of  the  region  has  been  a  factor 
in  the  general  decrease  of  supplies  in  the  past,  but  had  no  immediate 
connection  witli  tlie  present  shortage.  The  <litching  of  the  region 
was  a  prominent  factor  in  tlie  <rra(lual  depletion  of  the  ground-water 
lx)dy,  so  that  >vhen  tlie  usual  fall  rains  were  prevented  by  frost  from 
being  absorbed  and  the  winter  was  followed  by  a  summer  of  excep- 
tional drought,  the  conditions  were  rijw  for  the  failure  of  water  that 
followed. 

FlTl  KK    I'K()S1»K( TS    AND    KEMEDIKS. 

The  failure  of  the  wells  being  due  largely  to  the  severe  drought  of 
1903-4,  it  is  probable  that  the  return  to  the  normal  rainfall  will  result 
in  an  increase  in  the  water  supply,  although,  because  of  the  excessive 
dryness  of  the  ground,  the  incTease  in  the  available  water  may  not 
\ye  immediately  noted.  The  full  supply  may  not  return  until  a  wet 
year,  or,  perhaps,  a  succession  of  wet  years,  ocTurs. 

In  some  cases  the  r<»turn  of  the  water  may  not  bring  restoration  to 
the  wells,  for  water  passages  in  clayey  materials  when  dried  out  may, 
to  a  certain  extent,  crumble  and  become  more  or  less  clogged  so  that 
their  capacity  for  carrying  water  is  lessened  or  destroyed,  even  \vhen 
the  ground  again  IxHomes  soaked.  The  return  in  any  case  will 
IBB  145—05  u 10 
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probably  not  be  o(»nplete,  as  tbe  thoi onfrli  ditching  wliidi  the  ru^on 
has  undergone  will  result  in  a  permanent  It^^inening  uf  the  water  mp- 
ply  of  the  region. 

The  wells  in  the  lower  Huron  Biver  n^gion  obtinn  thoir  "iiifiplie^ 
in  the  upper  few  feet  of  the  rode.  The  MHier.  judging  tmm  iL^ 
head,  is  derived  from  glacial  deposits  ftV(*Hvitig  tUi^  nx-k  in  ihfl 
region  northwest  of  the  area  under  diKnissifHi,  It  probably  trawiM 
the  upper  more  or  less  jointed  and  o{>t>ti  jKirtion  of  thi^  mek.  be4!aii^t 
there  is  less  resistance  to  its  flow  through  such  rn'vices  inul  ojw'niii^ 
in  the  rock  itself  than  through  the  (omimct  rhivi^y  tk*|K>sii8  wIimIi 
generally  overlie  the  rocks  of  the  rei^iou,  Iti  it-s  |>a.s^^  lh€  wgtej* 
takes  up  sulphur  and  other  mineral  ru^itter  tH>nt»iimHl  in  tlie  nxk, 
its  quality  thus  being  changed  from  it^  ivhttivoly  purt*  conilitic^n  wiifti 
it  first  left  the  drift. 

It  has  been  shown  in  the  discussion  of  the  wells  oiibe 
a  deepening  has  almost  invariably  met  with  at  least  partimi 
especially  where  the  wells  have  been  sunk  deeper  into  the  vorlu 
Throughout  the  entire  region,  however,  the  wella  are  unoaoally  dial- 
low,  even  for  the  surface-water  type,  a  depth  of  BO  feet  being  exoap- 
tional.  In  many  other  regions  in  Michigan  nothing  is  thought  ol 
going  50*  to  100  or  150  feet  in  search  of  water.  It  is  almost  oertam 
that  wells  of  such  a  depth  would  in  the  loww  Huron  River  r^gioo 
yield  permanent  supplies.  Until  such  wells  or  at  least  wells  enter- 
ing some  dist^uice  into  the  rock  are  sunk,  a  supply  adequate  to  the 
demands  in  times  of  drought  can  not  be  expected. 

APPLICATION    TO    OTHER    REGIONS. 

Tho  history  of  tlio  (l(MToasc*  of  Uu»  wator  supply  in  southeastern 
Alicliigan  is  in  many  particniai-s  i(l(MiticaI  with  that  in  many  other 
parts  of  tlio  conntry  wlioro  simihir  conditions  exist.  It  is  but  one 
of  the  many  sti'ikin^  exampU\s  of  the  faihnv  of  the  water  supplies 
wliieli  have  atteiuU'd  the  (leveh)pmciit  of  new  regions,  and  its  history 
may  therefore  Ik*  taken  as  a  lyix*. 

Although  the  immediate  failure  of  the  wells  in  this,  as  in  most 
other  regions,  was  due  to  a  deficiency  of  rainfall,  many  agencies 
tending  to  reduce  the  reserve  supply  of  ground  water  had  been  work- 
ing unobtrusively,  but  none  the  less  surely,  for  a  long  series  of  years, 
with  the  result  that  when  the  precipitation  failed  to  come  up  to  its 
normal  amount  a  severe  shortage  was  immediately  felt. 

Probably  the  most  general  cause,  or  at  least  the  (me  which  has  been 
active  for  the  longest  period  of  years,  is  the  deforesting  of  the  land, 
the  result  of  which  has  been  to  increase  the  immediate  run-off  and 
the  amount  of  evaporation.  The  factor  is  one  w^hich  developed 
gradually,  almost  inappreciably,  but  none  the  less  inevitably,  as  the 
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:  country  became  older  and  the  forests  necessarily  gave  place  to  farms. 
It  is  an  miavoidable  incident  in  the  growth  of  the  country. 

Next  to  deforesting  one  of  the  most  common  causes  of  the  decrease 
in  ground-water  supplies  is  the  drainage  by  ditches.  Much  of  the 
finest  land  of  our  country  lies  along  the  flat  flood  plains  of  our  great 
rivers  or  on  broad,  flat  plains,  as  in  Ohio,  Indiana,  Illinois,  and  some 
of  the  more  western  States.  Considerable  portions  of  such  flat  lands 
were  originally  ill  drained,  water  perhaps  standing  for  months  in 
the  flood  plains  of  the  river  bottoms  or  in  the  numerous  shallow  but 
often  broad  sags  of  the  almost  equally  flat  uplands.  Thousands  of 
acres  of  such  lands  have  been,  as  time  went  on,  gradually  reclaimed 
by  drainage  ditches  and  now  form  some  of  the  richest  and  most 
valuable  land  in  the  country.'  Almost  everywhere,  however,  as  has 
been  pointed  out  for  the  southeastern  Michigan  region,  the  ditch- 
ing has  resulted  in  a  decrease  of  the  ground-water  body  because  of 
the  rapidity  with  which  the  rain  water  is  removed,  it  having  much 
less  opportunity  than  formerly  to  soak  into  the  ground  and  become  a 
part  of  the  underground  supply. 

As  in  the  case  of  the  cutting  of  the  forests,  the  loss  of  water  due 
to  the  increase  in  the  number  of  the  drainage  ditches  is  inevitable. 
But  it  need  not,  in  most  cases,  entail  any  great  hardship,  for,  as  in  the 
Michigan  region,  the  ground-water  supply  is  not  often  exhausted, 
but  simply  lowered,  and  an  increase  in  the  depth  of  the  wells  usually 
results  in  obtaining  adequate  supplies.  It  is  seldom  that  the  depth 
will  be  so  great  that  the  cost  of  wells  will  be  prohibitive  to  the  ordi- 
nary farmer. 

A  further  i)oint  of  interest  hron^rlit  out  in  connection  with  tlic 
investigation  of  the  southeastern  Micliigan  region  is  tli(»  effect  of  early 
frost  in  helping  to  hrin^  about  conditions  of  shorta«re.  It  is  readily 
seen  that  no  matter  how  ^rJ^'Jit  tlu*  rainfall  on  frozen  ground,  but 
little  will  Ik»  absorlKMJ,  aii<l  if  the  frost  oc<*urs  before  the  autuuni 
rains  a  heavy  pnM'ipitation  may  be  without  result  as  far  as  the 
ground-water  body  is  <-onceriuMl.  This  is  a  factor  which  may  occur 
in  most  of  our  Northern  States  at  any  tinu»,  and  one  which  must 
be  taken  into  account  in  any  investigation  of  shortage. 


WATER  SUPPLIES  AT  WATERLOO,  IOWA. 


By  W.  H.  NoRTOir. 


rNTRODUCTION, 

The  investigation  of  the  conditions  at  Waterloo  was  undert^ai 
in  response  to  requests  from  various  ofiicials  and  drillers.  TbosB 
from  the  city  authorities  were  due  to  an  epidemic  of  typhoid  few, 
vrhich  had  raged  for  several  months.  Since  the  1st  of  October,  IMA, 
when  the  epidemic  had  become  so  pronounced  that  all  cases  wen 
ordered  reported,  there  had  been  up  to  March  29,  as  I  was  informed 
by  the  mayor,  310  cases  of  typhoid,  35  of  which  were  fatal.  As  Htm 
]K>pulation  of  Waterloo  is  16,000,  the  death  rate  from  tyidioid  for  these 
months  alone  was  219  to  the  100,000,  or  about  20  per  cent  hi|^ier 
than  the  annual  typhoid  death  rate  in  the  Chicago  tjrphoid  epidemic 
of  1892. 

The  location  of  the  typhoid  cases,  as  platted  by  the  city  engineer, 
i-h<)W(Ml  that  Ihoy  wero  distributed  impartially  over  the  entire  water 
district.  Tho  few  cases  in  honu^s  that  lay  outside  the  district  could 
l>e  (»xj)lained  hy  the  use  of  city  water  in  seh(M)l  or  workshop.  The 
easc»s  were  distril)uted  on  all  the  live  si»wer-drainage  areas  of  the 
city,  and  the  theory  that  the  e[)ideniie  was  due  to  a  clogging  of  cer- 
tain sewers  was  untenable.  Dust  and  flies  as  possible  causes  were 
excluded  \)\  the  continuance  of  the  ei)idemic  unabnteil  into  and 
throu<rh  the  winter,  and  it  was  far  t(H)  widesi)read  to  l)c  due  to  the 
infection  of  milk  or  foods.  Excludin<r  these  not  uncommon  sources 
of  the  diseas(\  nothing  remained  but  the  city  water  supply,  which 
was  <lrawn  from  Cedar  Kiver  and  treated  l)y  mechanical  filtration. 

The  intake  of  the  supply  is  situated  a  short  distance  alx)ve  the  town, 
below  the  mouths  of  tw^o  small  creeks,  one  of  which  drains  a  portion 
of  the  suburbs.  Five  or  six  miles  up  valley  the  sew^age  of  Cedar 
Falls,  a  town  of  0,500  inhabitants,  discharges  into  the  river,  and 
within  a  very  few  hours  at  most  reaches  the  intake  of  the  Waterloo 
waterw^orks.  During  the  winter  this  sewage  is  protected  from  oxida- 
tion on  even  this  short  journey  by  a  cover  of  ice.  Under  these  cir- 
cumstances, whenever  there  are  one  or  more  cases  of  typhoid  at  the 
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neighboring  city  the  safety  of  Waterloo  must  depend  solely  upon  the 
continuously  efficient  working  of  the  filtration  plant  and  the  destruc- 
tion by  its  coagulants  of  the  noxious  bacteria  in  the  sewage-con- 
taminated river  water.  An  examination  of  the  water  made  by  Pro- 
fessors Albert  and  Beirring,  of  the  University  of  Iowa,  showed  that 
not  only  the  raw  water  of  the  river,  but  also  the  water  after  treatment 
at  the  filtration  plant,  was  highly  infected  with  micro-organisms,  the 
colon  bacilli  being  found  in  great  numbers,  and  even  the  bacillus 
typhosus  being  recognized.  The  investigation  of  the  workings  of  the 
filtration  plant  had  shown  that  no  tests  were  made  of  the  amount  of 
coagulants  needed  from  time  to  time  with  the  varying  turbidity  of 
the  river,  that  the  pipes  through  which  the  coagulants  were  admitted 
were  sometimes  clogged,  and  that  the  capacity  of  the  filters  was 
overtaxed  by  any  demand  beyotid  the  usual  daily  consumption. 
During  the  epidemic  there  had  been  two  occasions  when  the  mains 
had  been  flushed  at  times  of  fires  with  water  drawn  directly  from  the 
river. 

It  was  under  these  circumstances  that  the  city  officials  asked  for 
information  from  the  United  States  Geological  Survey  as  to  the 
possibilities  of  other  sources  of  supply  than  that  now  in  use.  They 
also  employed  as  consulting  sanitary  and  civil  engineer  Prof.  A. 
Marston,  of  the  Iowa  State  College  of  Agriculture  and  Mechanic 
Arts.  As  Professor  Marsjon  had  already  begun  at  the  time  of  my 
visit  to  Waterloo  a  thorough  investigation,  and  as  he  is  advising  with 
this  Office,  it  seems  unnecessary  for  me  to  make  any  specific  recom- 
mendations as  to  the  relative  merits  of  different  sources  of  supply  or 
lis  to  the  methods  of  thoir  utilization. 

There  imh.h1  Ik*  considered,  then,  only  tlio  ^eolo^ic  conditions  affect- 
ing ground  and  artesian  water  at  Waterloo. 

WA TFJl  SI  PPL.Y. 

(iKOl'NI)    WATER. 

Waterloo  is  situated  on  a  broad,  ancient  flood  plain,  which  lies 
about  20  feet  above  the  prescMit  river,  and,  up  valley  from  the  city, 
reaches  more  tlum  a  mile  in  width.  Underlying  the  plain  at  a  depth 
usually  of  not  more  than  20  feet  is  a  fl(K)r  of  Devonian  limestone. 
Where  exposed  to  view  the  rock  is  shattered  and  closely  jointed. 
Ground  water,  therefore,  sinks  leadily  through  its  surface  laj'ers  to 
lower  levels.  The  alluvium  which  has  Ikhmi  spread  over  this  valley 
floor  of  planation  consists  of  sand  and  gravel,  with  some  finer  waste, 
and  is  the  valley  train  of  one  of  the  Pleistocene  ice  sheets.  Because 
of  its  l(H>si»  texture,  its  ready  drainage  into  Cedar  River,  and  the  per- 
vious rock  floor  on  which  it  rests,  tliis  broad  terrace  seems  to  contain 
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no  large  store  of  ground  water.  On  some  fbmiB  of  80  mb«b^  lor  1 
example,  there  has  been  difliculty  in  getting  ft  stock  well,  acwn  nr  I 
eight  attempts  having  been  made  before  suooeflB  was  iMx^ed.  Hie  I 
outlook  for  a  supply  of  water  from  this  sooroe  appears  nnfavorabfe,  ^ 
but  a  careful  investigation  of  all  its  possibilitieB  is  bripg  made  faj 
Professor  Marston  and  by  Mr.  C.  T.  Wilaon,  the  city  i 


SFBINQB. 

About  5  or  6  miles  up  valley  strong  springs  rise  from  the  limestxxie 
on  both  banks  of  the  channel  of  Cedar  River.  On  the  tif^t  bank 
copious  springs  gush  from  crevices  for  several  hundred  feet  along  the 
bed  and  near  the  mouth  of  Dry  Run,  a  tributary  of  the  Oedar.  At 
the  time  of  my  visit  to  the  place  the  run  was  ponded  by  high  watsar  in 
the  river  and  was  filled  by  clear  spring  water,  in  distinct  contrast  with 
the  muddy  water  of  the  trunk  stream.  Notwithstanding  the  hi|^ 
stage  of  water,  the  springs  in  two  places  made  a  noticeable  mounding 
of  the  water  surface.  A  few  feet  above  these  springs  are  the  strag 
springs  used  by  Cedar  Falls  for  its  water  supply.  On  the  left  bank 
of  Cedar  River,  about  half  a  mile  from  the  springs  just  mentioned, 
two  groups  of  springs  are  found  along  a  distance  of  about  500  yards. 
These  were  largely  concealed  from  view  ^  at  the  time  of' my  inspection 
by  high  water  from  the  river,  and  I  am  told  are  not  so  strong  as  those 
of  the  right  bank.  The  disehnr^'  of  all  the  springs  will  be  carefully 
moasunMl  when  the  stap*  of  wator  in  the  river  permits,  and  their 
availahility  will  1h»  considoiTd,  oithor  as  a  sole  supply  or  as  a  partial 
supply  in  connection  with  artesian  wells. 

ARTESIAX   WELI^. 

Geolor/y  of  re f/ ion. — AVaterloo  lios  in  a  reji^ion  whose  geologic  struc- 
ture is  well  known  through  the  work  of  the  Iowa  (leological  Survey 
and  the  siu'vevs  of  adjoining  States.  To  the  depth  of  several  thou- 
sand feet  the  underlying  rocks  consist  of  alternating  beds  of  lime- 
stones, sandstones,  and  shales  whose  general  dip  is  southwestward. 
These  beds  thus  come  to  the  surface  in  successive  belts  toward  the 
north  and  east,  even  the  lowest  of  the  series  api)earing  as  the  country 
rock  in  central  Minnesota  and  Wisconsin.  Several  of  these  l)e<ls  are 
j)orous  sandstones.  Into  these  water  soaks  in  large  <piantities  in  the 
areas  wliere  they  form  the  country  rock,  and  through  them  it  slowly 
seeps  for  hundreds  of  miles  and  to  depths  of  s(»veral  thousand  feet. 
These  pervious  layers  are  sheathed,  in  several  instances,  w^th  imper- 
vious shales,  and  when  tapped  by  the  drill  their  watei*s,  which  are 
under  hydrostatic  pressure,  ris(*  tow^ard  the  l(»v(»l  of  their  sources  in 
the  higlier  ground  of  the  States  bordering  Iowa  on  the  north  and 
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northeast.  The  water  may  fail  of  reaching  the  surface,  or  on  lower 
ground  may  overflow,  but  in  either  case  the  well  is  known  as  an  arte- 
sian well.  The  geologic  structure  of  the  deep-lying  rocks  at  Water- 
loo, on  which  its  artesian  conditions  de{)end,  is  shown  in  the  following 
section,  which,  though  hyix)thetical,  at  least  in  the  thickness  assigned 
the  difl'erent  formations,  is  believed  to  be  a  close  approximation  to 
reality. 

Hypothetical  section  at  Waterloo,  Iowa. 


Thickness. 


10.  Devonian  limestone  and  shales 

9.  Niagara  limestone 

8.  Hndson  shales 

7.  Galena-Trenton  limestone 

6.  St.  Peter  sandstone  (50-100) 

5.  Oneota  limestone  . 

4.  Jordan  sandstone 

8.  St.  Lawrence  dolomites  and  shales 1    200-400 

2.  **  Basal  sandstone  ** 

1 .  Algonkian  qnartzite  or  schist  - 


Depth. 


125 

125 

135 

260 

165 

425 

410 

835 

80 

915 

400 

1,815 

100 

1,415 

200-400 

1, 

600-1,800 

Indeterminate. 

Do. 

Water  horizons. — The  texture  and  conditions  of  each  of  thes(»  great 
formaticms  remain  to  be  considered. 

The  IX^vonian  juul  Niagara  limestimes  carry  water  only  in  their 
wid<Mie(l  joints  and  cn»vices.  The  tindin*;^  of  any  c<)nsid(M'al)le  amount 
of  water  in  lliesc  lu'ds  is  an  accident  whose*  i)r()bability  is  so  sli«i:ht 
that  it  may  Ik*  ne<^hM'tcd.  Whatever  water  they  may  contain  is  under 
less  head  than  tliat  of  h)wcr  horizons.  Their  waterways,  if  struck, 
would  therefore  h»ad  oil'  water  from  l)elow  instead  of  adding  to  it,  and 
these  rocks  should  be  cased  oil'. 

The  Hudson  shale  is  (hy.  It  is  of  importance  to  us  l)ecause  it  forms 
an  impervious  bottom  to  the  overlying  formations  and  especially 
because  it  prevents  the  wat(»rs  of  the  rocks  IxMH^ath  it  from  rising  to 
the  surface  under  hydrostatic  pressure  and  being  lost. 

The  (ialena-TriMiton,  cs[)ccially  where  a  dolomitic  or  nuignesian 
limestone,  contains  sonu*  artesian  water  in  its  crevices  and  fissures. 
Frequently  its  water  is  charged  with  snli>hurous  gases  which  soon 
escape  on  exposure  to  the*  air.  The  l)asal  layers  of  this  formation  aiv 
often  shaly  and  ke(»p  the  waters  of  the  underlying  sandstone  from 
escaping  upward. 

The  St.  Peter  sandstone  is  the  lirst  important  and  dependable  water- 
l>earing  formation  of  the  si'ries.  Its  grains  are  smooth  and  romuled 
and  often  but  slightly  cemented  and  the  pore  spaces  of  the  rock  are 
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and  texture  and  these  can  not  be  predicted  with  anyoloaaMnL    3b 

St  P^ter  may  range  from  60  to  100  feet  in  thidmem. 

The  Oneota  is  a  creviced  sandy  limestone.  While  the  drill 
throu^^  it  the  iBow  will  probably  be  strongly  iQenfimed  tnm 
sures  and  sandy  seams. 

The  chief  water-bearing  stratum  of  the  series  is  the  Jordan  i 
stone,  the  upper  member  of  what  has  been  known  as  the  St  CSruz,  or 
the  Potsdam.  Its  normal  thickness  is  about  100  feet  and  its  tezfane 
resembles  the  St  Peter.  It  is  recommended  that  any  artesian  wdb 
which  may  be  sunk  at  Waterloo  be  carried  to  this  sandstone. 

The  St  Lawrence  dolomites  and  shales,  which  underlie  the  Jordan, 
are  usually  dry.  Their  normal  thickness  is  about  SOO  feet,  but  tfaof 
may  be  found  to  double  that  amount  at  Waterloa 

The  '^  Basal  sandstone,'^  as  the  Iowa  Survey  has  termed  the  loweBt 
member  of  the  Potsdam  formation,  is  a  deep  bed  of  sandstone,  moie 
or  less  limy  or  clayey  in  places  and  in  many  of  its  layers  so  dbss 
textured  as  to  be  impervious.  Toward  the  east  and  north,  where  it 
lies  nearer  the  surface,  its  open  textured  layers  are  more  numeroas 
and  thicker,  and  here  its  supplies  of  water  are  both  more  abundant 
and  less  heavily  mineralized  than  toward  the  west  and  south,  wheris 
it  descends  deep  below  ground  and  where  its  grains  have  beeoi  more 
firmly  cemented.  The  thickness  of  this  sandstone  at  Waterloo  can 
not  be  predicted.  It  probably  is  greater  than  200  or  300  feet  and 
possibly,  though  not  probably,  may  reach  1,000  feet,  its  thickness 
depending  on  the  irregular  relief  of  the  Algonkian  floor  whoso  in- 
equalities it  covers. 

It  seems  probable  that  the  increase  in  supply  from  the  water 
horizons  of  the  Basal  sandstone  wouhl  not  repay  the  additional 
cost  of  penetrating  them  and  that  their  waters  would  Ik?  more  heavily 
mineralized  than  those  of  th(»  zones  above,  and  perhaps  be  salty, 
thus  lowering  tlieir  value  for  I'nanufacturing  purposes.  But  as  at 
Waterloo  the  amount  of  water  obtainable  is  of  prime  importance,  I 
should  advise,  if  an  artesian  system  should  be  decided  upon  tenta- 
tively and  an  experimental  boi'ing  should  be  made,  to  sink  this 
lK)ring  not  only  the  1,400  feet  needed  to  test  the  capacities  of  the 
chief  zones  of  flow — the  8t.  Peter,  the  Oneota,  and  the  Jordan — but 
also  to  drive  the  well  to  as  much  as  *2,r)0()  feet,  if  the  Algonkian  is 
not  sooner  reached,  in  order  to  probe  deeply  the  Basal  sandstone 
and  to  test  its  water  resources  here. 

QuuVity  of  nrtcHiaii  water. — Deep  wells,  if  properly  constructed, 
are  practically  free  from  possibility  of  contaminati(m.  Artesian 
water  is  organically  pure.  Communities  which  us(»  it  uccmI  not  fear 
the  widespread  epidemics  of  such  diseases  as  those  whose  germs  are 


mnoov.]  WATEB  8UFFLIB8  AT  WATHBLOO^  IOWA«  158 

carried  in  drinking  water  and  which  may  visit  cities  using  surface- 
water  supplies  because  of  conditions  which  can  not  always  be  fore- 
seen and  prevented. 

In  its  long  journey  underground  artesian  water  has  taken  up  vari- 
ous minerals  in  solution,  and  at  Waterloo  the  artesian  water  will  be 
found  less  pure  from  a  mineral  standpoint  than  river  water.  It 
may  be  expected  to  contain  in  solution  lime  and  magnesia  carbonates, 
with  some  lime  sulphate,  together  with  the  sulphates  of  magnesia  and 
of  soda.  It  is  not  at  all  probable  that  these  minerals  will  be  in 
quantities  sufficient  to  render  the  water  in  the  least  unpalatable  or 
injurious  to  the  health,  but  several  of  them  form  scale  in  boilers  on 
the  evaporation  of  the  water,  and  their  amount  in  the  artesian  water 
found  at  Waterloo  will  probably  be  large  enough  at  least  to  rank  it 
as  "  poor"  steam  water  (20  to  80  grains  of  incrusting  solids  to  the 
gallon) ,  and  still  more  probably  as  '^ bad  "  steam  water  (30  to  40  grains 
of  incrusting  solids  to  the  gallon).  Possibly  the  water  may  carry  its 
own  "  boiler  compound  "  in  minerals  which  will  cause  the  injurious 
compounds  to  be  thrown  down  in  boilers  mostly  as  sludge. 

In  a  city  like  Waterloo,  which  has  extensive  manufacturing  inter- 
ests and  anticipates  a  large  industrial  growth  in  the  future,  the  hard- 
ness of  artesian  water  is  a  serious  drawback  to  its  use  as  a  city  supply. 
In  certain  manufactures,  such  as  ice  factories,  paper  mills  (if  the 
water  is  free  of  iron),  breweries,  and  bottling  works  artesian  water 
may  be  preferable  to  surface  waters,  but  for  locomotives  and  the 
boilers  of  all  manufacturing  plants  it  is  inferior  to  the  supply  now 
in  use. 

Quantity  of  artcHinn  water. — W^aterloo  is  a  rapidly  ^owiiip"  to\Yn 
with  a  jx)pulatioii  ostiniated  at  1(),0()0,  aiul  the  needed  daily  water 
supply  is  placed  by  the  city  officials  at  3,000,000  pillons.  It  is  by  no 
means  certain  that  this  lar^^e  ainoiint  can  be  obtained  from  deep  wells. 
It  must  be  renuMnbered  that  while  the  water  stored  in  the  water- 
bearing strata  of  the  artesian  Hehl  in  Iowa  is  enormous,  beyond  the 
possibility  of  exhaustion,  and  the  large  intake  area  and  its  abundant 
rainfall  insure  its  r-i)lenishing  (lesi)ite  all  drafts  which  may  be  made 
upon  it,  the  amount  of  water  which  can  seep  through  the  sandstones 
at  any  locality  is  strictly  limited,  and  the  supply  may  he  overdrawn 
at  that  place.  At  the  best  a  ()-inch  artesian  could  hardly  U»  (»\j>erted 
to  furnish  at  this  locality  more  than  •jr)0  to  *iOO  gallons  per  minute. 
It  may  very  probably  not  much  exceed  '200  gallons,  and  local  c.uises 
which  we  can  not  anticipate  may  })revent  the  discharge  from  reaching 
100  gallons  a  minute.  At  200  gallons  a  minute,  or  288,000  gallons  a 
day,  10  wells  would  not  (juite  give  the  required  amount  even  if  there 
were  no  mutual  interference  of  the  wells.  It  is  taken  for  granted 
that  interference  will  be  made  as  little  ass  possible  by  stringing  the 
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welLs  on  a  line  normal  to  the  hydraulic  gradient  and  ay  fur  apait  aa 
possible  consistent  with  utilising  their  diadiaige.  Bat^  with  all  tinfe 
can  be  done,  there  will  be  interference,  and  man  than  10  wella  wiD 
be  neede<I  to  yield  3,000,000  gallons  daily,  even  if  the  diachuge  of  a 
single  G-inch  well,  the  others  being  closed,  should  reach  DOOfiOO  gal- 
lons per  diem. 

Necessity  for  test  wells, — ^If  it  should  be  thou^t  best  to  use  arte- 
sian wells  for  city  supply,  it  would  be  advisable  to  put  down  an 
experimental  boring.  If  the  flow  should  be  meager,  the  well  ooold 
be  utilized  for  park,  school,  factory,  or  its  water  run  into  the  naet- 
voir  of  the  waterworks.  If  the  yidd  should  be  generona,  the  woik 
of  sinking  other  wells  should  yet  proceed  with  caution.  The  flow 
and  head  of  each  successive  well  will  indicate  the  approadi  of  die 
limit  where  interference  may  finally  make  the  sinking  of  other  welh 
unprofitable:  The  city  should  be  prepared  to  find  this  limit  before 
the  desired  amount  of  water  is  obtained  and  to  deal  with  the  ease 
accordingly.  To  a  certain  extent  the  supply  may  be  incroased  by 
deep  pumping,  or  by  what  has  the  same  effect-nan  air  lift  Tor- 
pedoes are  sometimes  used,  especially  in  the  case  of  oil  weUs,  and  if 
this  experiment  were  to  be  tried  the  Oneota  limestone  would  be  a 
suitable  horizon. 

Head. — ^The  head  of  artesian  water  at  Waterloo  is  enough  to  give 
flowing  wells  on  the  level  of  the  flood  plain  on  which  the  town  is  built. 
Wells  may  thert*foi'e  lie  drilled  Avheivver  convenience  may  dictate. 
An  ostiinat(»  of  a  head  of  'JO  to  'M)  f(H»t  above  tlie  datum  just  men- 
tioned, while  a  rou^h  one,  is  perhaps  suflieiently  elost*  for  practical 
purpos4»s. 

Dervvase  of  ffotr, — The  permanence  of  an  artesian  supply  is  an 
important  factor.  Artesian  basins  when  limited  in  extent  are  some- 
times overdrawn  as  a  whole  and  the  head  of  water  ^jfrc^atly  Iowere<l. 
This  canst*  of  decreast^.  or  failure  nwd  not  Ik'  considered  in  connection 
with  so  large  a  field  as  that  of  the  upper  Mississippi  Valley. 

The  local  area  is  frequently  overdrawn  by  a  huge  numl)er  of  Avells, 
even  when  the  general  field  shows  no  sign  of  decrease.  In  the  case  of 
Waterloo  it  is  assumed  that  the  nunil)er  of  wells  sunk  will  be  kept 
well  within  the  limit  of  nnitmil  interference.  It  is  assumed  that  the 
flow"  of  water  through  the  iK^vious  water-bearing  strata  to  the  local 
iivea  will  l)e  enough  to  meet  the  draft  which  the  limited  number  of 
wells  may  make  upon  it,  so  that  whatever  interference  and  loss  of 
head  thero  may  1k»  will  appear  as  the  wells  are  drilled  and  will  not 
seriously  incit^ase  with  the  lapse  of  time. 

Wells  decrease  in  flow  from  several  caus(»s, which  may  lx»  either  pre- 
vented or  remedied.  Suc'h  are  leakage  into  horizons  higher  than  the 
\vater-l>earing    strata,    imperfect    or    worn-out    packings,    corroded 
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casings,  clogging  of  the  pores  of  water-bearing  strata,  and  infilling  of 
the  bottom  of  the  bore  with  debris  from  above.  In  the  Towa  field  the 
decrease  of  artesian  flows,  where  sucli  has  been  noticed,  seeni^  to  be 
due  largely  to  one  or  more  of  these  causes,  and  at  Waterloo  they  do 
not  form  any  serious  obstacle  to  an  artesian  supply. 

SUPPLEMENTARY  SUPPLIES. 

The  question  of  supplementing  the  artesian  supply,  if  insufficient, 
is  chiefly  one  of  finance  and  engineering.  The  cost  of  bringing  in 
spring  water  should  be  considered,  and  the  cost  computed  also  of 
combining  artesian  water  with  that  of  a  filtration  plant  dealing  with 
water  from  Cedar  River.  It  may  be  found  that  artesian  water  costs 
sufficiently  less  than  filtered  water  to  enable  it  to  be  economically  used 
as  far  as  it  can  be  obtained  without  serious  interference  of  the  wells. 
In  this  case  the  water  from  both  sources  combined  would  be  propor- 
tionally less  hard  than  the  artesian  water  alone,  and  hence  a  better 
boUer  water,  but  unless  the  filtration  of  the  river  water  were  bac- 
teriologically  complete  the  oombination  would  be  little  less  dangerous 
than  the  filtered  water  under  the  same  circumstances. 
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INTRODUCTION. 

This  paper  is  one  of  several  in  the  present  report  which  dafti  wiA 
the  problems  of  water  supplies  of  glacial  deposits  of  different  iypn 
and  origins.  No  other  source  furnishes  so  abundant  and  pure  sap- 
plies  over  such  large  areas  as  the  drift,  from  which  probably  ooiiaid- 
erably  over  nine-tenths  of  the  wells  north  of  its  southern  linuts  obtain 
their  water.  The  drift  is  likewise  the  source  of  a  large  propoitiaii 
of  the  springs  within  its  area,  and  furnishes  the  supplies  of  the 
waterworks  of  many  of  the  smaller  cities  and  towns.  At  the  same 
time  its  composition  and  structure  are  so  complex  and  variable  that 
it  is  with  great  difficulty  in  many  cases  that  an  intelligent  under- 
standing of  the  true  conditions  can  be  obtained.  It  is  with  the  view 
of  presenting  examples  of  the  (;onditions  in  type  deposits  that  this  and 
other  similar  pajx^rs  liave  Invn  j)i'e|)are(l. 

The  region  described  in  this  arliele  ^vas  visited  in  June,  1904,  by 
tlie  writer,  at  the  reciiiest  of  (lovernor  J.  F.  Hill,  chairman  of  the  com- 
niissionei's  of  the  Augusta,  Me.,  water  district.  The  Silver  Lake 
system  of  ponds  ha<l  lK»en  considered  amon^  the  possible  sources  for 
a  new  municipal  water  supply,  and  the  visit  was  made  in  companj' 
with  Mr.  Allen  Ilazen,  consulting  engineer. 

Spring  Hrook,  which  has  its  source  close  to  these  ponds,  had  l)een 
gagcnl  and  found  to  have  a  discharge  insufficient  for  the  demands 
of  the  city  of  Augusta,  and  the  suggestion  had  been  made  that  this 
supply  could  be  augmented  by  water  from  the  ponds  in  the  vicinity. 
The  j)roblem  pres(»nted  at  this  time,  therefore,  was  the  examination 
of  the  Silver  Lake  drainage  basin  and  the  determination  of  the 
nature  of  its  relation,  if  any,  to  the  springs  which  supply  Spring 
Brook. 

In  presenting  the  results  of  this  investigation  I  wish  to  acknowl- 

edgt>   my   indebt^nlness  to  Mr.   Ilazen.     Although    we   api)roached 

the  problem  fnmi  s<miewhat  different  points  of  view  and  followed 

different  lines  of  argimieut,  it  was  noteworthy  that  we  arrived  at 
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essentially  the  same  conclusions.  While  the  writer  had  this  advan- 
tage of  discussion  of  the  field  observations  with  a  hydrographie 
engineer,  the  conclusions 
here  presented  are  those, 
based  principally  upon  geo- 
logic data.  Acknowledg- 
ments are  also  due  to  Mr. 
W.  W.  Albee,  superintend- 
ent of  the  Augusta  water 
district,  for  information 
furnished  and  for  the 
sketch  map  accompanying 
this  paper,  which  is  based 
on  the  surveysof  Mr.  Samuel 
M.  Gray,  consulting  engi- 
neer, who  also  ran  the  level 
lines,  determining  the  ele- 
vations of  the  different 
ponds,  as  quoted  on  a  fol- 
lowing page. 

GEKBBAIi  DESCRIP- 
TION. 

The  Silver  Lake  group 
of  ponds  is  situated  about 
5J  miles  northwest  of  the 
city  of  Augusta,  Me.,  at 
the  place  where  the  four 
towns — Augusta,  Manches- 
ter, Belgrade,  and  Sidney — 
come  together.  Thirteen 
ponds  are  inclu<hMl  in  tliis 
system,  with  an  a^<i:re<rat(» 
area  of  215  acres,  ran^in<j^ 
in  size  from  41  acres  to  3, 
and  in  depth  from  81  to  11 
feet.  Several  of  the  ponds 
are  connected  by  slug^isli 
stream.s,  but  the  system  has 
no  visible  outlet.  A  half 
mile  south  of  Tyler  Pond, 
the  southernmost  of  the 
group,  there  are  scores  of 
springs,  the  waters  from 
which  unite  to  form  Spring 
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Fig.  35.— i<ketch  map  of  lakeM  nonr  Aiiirusta,  Mis 
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Brook.    This  stream  enters  Bond  Brook  and  tfaenoe  xeecheB  I 
River  within  tlie  city  limits  of  Augusta. 

These  ponds  are  located  on  a  well-defined  plateau,  iHiich  has  aa 
•elevation  of  about  800  feet  above  sea  level,  Augusta 
at  the  head  of  tide  on  the  Kennebec.  This  plateau  is  slig^tfy  dif 
fied  by  a  few  rounded  low  hills  and  ridges,  but  along  its  aoatlien* 
border  its  surface  is  very  level.  The  ^  caves,"  or  V -shaped  goldiH^ 
which  have  been  eroded  along  the  southern  margin  of  the  platesa 
well  exhibit  the  material  composing  it  Bounded  gnveU  with 
bowlders  up  to  1  foot  in  diameter  find  fine  sand  are  interatratilled, 
but  no  clay  beds  were  observed. 

The  topographic  details  of  this  plateau  and  its  compasition  indi- 
cate its  features  to  have  been  formed  by  the  deposits  of  a  glacial 
stream.  This  is,  indeed,  the  southern  end  of  an  extensive  system  of 
glacial  gravels,  which  has  been  described  by  Stone  as  the  XoRidg»- 
wock-Belgrade  sjrstera.*  The  basins  containing  the  ponds,  as  well  aa 
the  dry  kettle  holes,  doubtless  represent  ice  masses  originally  indosed 
in  these  glacial  gravels. 

SIIiVEB  liAKB  DRAIKAGB  BASIN'. 

The  area  included  in  this  basin  is  1}  square  miles.  The  topqgraphie 
character  of  its  surface  and  the  sandy  soil  covering  it  make  the 
conditions  extremely  adverse  to  any  lass  of  rain  water  by  run-off. 
The  boundaries  of  the  basin  are  not  well  marked  except  at.^e  north- 
ern and  southern  ends,  where  then*  is  a  sharp  de^scent  into  adjacent 
stream  valleys.  The  drainage  basin  is  subdivided  by  a  winding  ridge, 
which  S4»parates  two  chains  of  ponds. 

The  nn(UM<rroun(l  character  of  this  basin  can  Ik»  inferred  from  the 
exposures  of  stratified  sand  and  gravel  i\]ou^  the  southern  margin  of 
the  phiteau.  The  (»xtent  to  which  this  basin  is  sharply  Iwnnded  Ik»- 
neath  the  surface  is  largely  a  matter  of  conjecture.  The  (K'currenee 
of  glacial  till  inune<liately  bordering  the  plateau  cm  lH)tli  the  east 
and  west  su^^ests  that  the  underground  liuiits  of  the  basin  may 
approximately  coincide  with  the  surface  luMmdaries.  The  fact  that 
ledp»s  of  slate  also  occur  lK)th  on  the  east  an<l  west  borders  of  the 
])lateau  may  1k»  repirded  as  substantiating  this  opinion. 

SHAPE  OF  THE  WATEK  TABLE. 

In  a  mass  of  horizontally  stratified  gravel  and  sand,  with  no  imper- 
vious IkhIs  and  no  marked  relief  in  surface  topo^aphy,  the  sliaix; 
of  the  water  table  is  important  in  it.s  l)earin^  upon  the  questions  of 
underground  flow.     The  factors  of  impervious  strata  and  surface 

•  8tone.  G.  H.,  Glacial  gravels  of  Maine  and  their  associated  deposits :  Mod.  U.  S.  GtoU 
Survey,  vol.  34.  1800,  pp.  181-184. 
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topography  being  hero  elimiimted,  the  form  taken  by  the  water 
taWe  will  clearly  indicate  the  direction  of  flow.  Fortunately  for  this 
discussion  the  exact  levels  of  the  ditfei'ent  ponds  in  I)eceml)er,  1908, 
are  available.  The  water  levels  in  these  ponds,  most  of  which  are 
without  outlets,  indicate  the  position  of  the  water  table,  or  upper 
surface  of  the  ground  water,  and  these  levels  are  given  in  the  follow- 
ing table.  The  ridge  already  referred  to  sepairates  the  group  of 
ponds  into  two  chains,  and  the  elevations  for  these  will  be  given  in 
separate  columns — I  l>eing  the  elevations  for  the  ponds  of  the  eastern 
chain,  and  II  for  those  of  the  western  chain. 

Elevation  of  iratrr  lerrls  in  t-^ifvcr  Lake  pond  tfjfMtrm, 


Nainn*. 


II. 


Chaml)erlain  Pond 

Wellman  Pond 

Penney  Pond 

Pitcher  Pond 

South  Chamberlain  Pond . 

Joe  Pond 

Gould  Pond 

North  Silver  Lake 

Silver  Lake 

South  Silver  Lake 

Fairbanks  Pond 

Mud  Pond  _ 

Tvler  Pond 


308.24  ,. 


266 

265. 15 
263.05 


267.90 
267.80 


267.60 

261 

259 


257. 30 
254. 30 


264.70 


260.20 


I 


The  taWe  hrin<r^^  ont  scvoial  nolo  worthy  facts.  In  the  first  place, 
with  the  excei)ti()n  of"  INmuicv  Pond,  in  l>o(h  chains  of  })on(ls  the  ele- 
vations of  the  wat(M-  surface  decrease^  sonlhward.  This  indicates  a 
southward  slope  of  the  water  laMc.  The  excejition  to  this  <rtMierali- 
zation  is  inii)ortan(,  sinc(»  Penney  Pond  Ii(»s  at  the  northern  end  of 
the  ])lateau  and  is  separated  from  the  neighboring  j)onds  hy  a  ridge, 
and,  furthermore,  has  near  it^  northeVn  end  one  of  the  few  |)laces 
where  a  small  stream  was  seen  flowin<r  outward  from  the  j)lateau 
margin.  Just  sojith  of  Tyler  Pond  there  is  a  deep  kettle  hole,  which 
is  jxM'fectly  dry.  Haromelric  oi)servations,  however,  explained  this 
apparently  anomalous  condition  hy  the  fact  that  the  bottom  of  the 
kettle  hole  is  5  feet  above  the  water  surface  of  Tyler  Pond. 

A  second  feature  is  the  relative  independence  of  the  two  chains  of 
ponds.  It  is  evident  that  the  rid<(e  separating  them  is  simply  the 
topographic  expression  of  a  structural  element  in  this  mass  of  glacial 
stream  deposits.  In  fact  there  are  also  transverse  ridges  which 
cause  similar  variations  in  level  of  the  water  surface  of  adjacent 
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ponds  in  the  same  chain.  Thus  Silver  Lake  is  separated  feom  Nott  ] 
Silver  Lake  by  a  ridge  only  a  few  yards  acrossi  and  the  diffennoB  ia ' 
water  level  is  over  6  feet  The  slope  of  the  water  table  apparandj 
varies  considerably  within  this  area,  but  the  average  dope  is  not  tu 
from  10  feet  per  mile.  The  direction  of  flow  is  largely  ocmtndled  fay 
the  opportunity  afforded  for  escape  along  the  base  of  the  bhift 
forming  the  southern  edge  of  the  plateau,  but  possibly  this  flow  iB 
facilitated  by  a  sli^t  southern  dip  of  the  stream-laid  gravels. 

The  southern  slope  of  the  water  table  over  the  greater  pert  of  this 
area  indicates  the  direction  of  underground  flow.  This  in  turn  at 
onoe  explains  the  source  of  the  springs  at  the  head  of  Spring  Brook. 
The  supposition  that  tliese  springs  may  be  fed  from  smne  distant 
supply,  such  as  Messalonskee  Lake,  5  miles  north  of  the  springs,  is 
at  once  controverted.  Wliile  higher  than  the  springs,  this  lake  b 
probably  40  feet  below  the  water  table  of  the  Silver  Lake  syatomi 
and  indeed  it  is  not  unlikely  that  the  northernmost  pond  of  the  gniap» 
Penney  Pond,  drains  partly  into  a  stream'  flowing  northward  into 
Messalonskee  Lake. 

PRACTICAL  CONSmERATIONB.     . 

It  is  seen  from  the  above  description  that  the  Silver  Lake  ai^ee  ooiif 
stitutes  a  natural  system  of  filter  beds.  The  water  falling  upon  flie 
surface  of  the  plateau  slowly  percolates  through  the  interbedM 
sands  and  gi'avels.  The  water  issuing  from  the  springs  is  therefore 
of  exceptional  purity,  and  as  regards  quality  no  better  water  supply 
eould  l>e  desired. 

rnfoHunately  tlie  <|uantity  of  How  in  Spring  Brook  is  insufficient, 
and  one  plan  i)ro])osed  was  to  ercM't  a  j)unii)ing  station  upon  the 
jdateau  and  use  the  i)ond  water  as  an  auxiliary  supply.  From  the 
foregoing  discussion  of  th(»  conditions  controlling  the  system  of 
ground  water  in  the  Silver  Lake  area,  it  will  1k»  readily  seen  that 
such  a  pr(H*e(hire  would  1h»  highly  inexpedient.  The  flow  of  the 
sju'ings  is  directly  <lependent  uj)on  the  ground  water  of  the  plateau, 
and  as  it  seems  probable  that, there  is  little  flow  outward  from  this 
basin  either  to  the  east  or  west  by  reason  of  the  bounding  masses  of 
till  an<l  rock,  it  follows  that  the  annual  discharge  of  the  springs  at 
the  south  end  of  the  plateau  approximately  equals  the  amount  con- 
tributed to  the  basin  by  the  rainfall.  The  water  of  the  thirteen  ponds 
is  merely  the  visible  j)oHion  of  the  supply  of  ground  water  in  this 
basin,  and  to  pump  from  Silver  I^ake  or  Tyler  Pond  would  be  simply 
to  draw  from  the  same  supply  as  that  from  which  the  springs  derive 
their  water.  AAliile  each  of  these  two  ponds  has  a  capacity  meas- 
uring over  200  millions  of  gallons,  yet  pumping  this  \vater  would 
surely  tend  to  lower  the  level  of  the  water  table,  and  thus  eventually 
to  decrease  the  rate  of  discharge  at  the  springs. 
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By  W.  O.  Crosby. 


TYPES  OF  OliACIAIi  DRIFT. 

One  of  the  most  important  sources  of  water  supply  in  the  glaci- 
ated regions  of  this  country  is  the  glacial  drift.  In  New  England 
and  other  regions  where  the  rocks  are  largely  crystalline  the  drift,  in 
fact,  constitutes  almost  the  oi;ily  source.  Of  the  various  types  of 
glacial  drift  the  till  or  hardpan  is  the  most  abundant  and  widely 
distributed,  and  in  the  aggregate  yields  large  amounts  of  water.  It 
is,  however,  the  sands  and  gravejs  or  the  coarser  parts  of  the  stratified 
drift  which  afford  the  large  and  important  sources  of  supply.  There 
are  many  types  of  these  latter  deposits,  the  most  common  being  those 
of  the  following  list : 

1.  Valley  or  flood-plain  doposits  of  rieistooene  and  recent  streams. 

2.  Terrace  deiwsits  of  Pleistocene  streams. 

3.  Outwash  plains  in  front  of  moraines  and  elsewhere. 

4.  Normal  sand  plains  or  delta  deix)sits  formeil  in  glacial  lakes  and  other 
bodies  of  standing  water. 

The  last  type  of  deposits  is  very  prominent  in  New  England.  De- 
tailed investigations  of  such  a  delta  have  l)een  made  at  Clinton,  Mass., 
in  connection  with  the  l)uildin<r  of  the  Wachusett  reservoir  of  the 
Avater-supply  system  of  Boston  and  tlie  metropolitan  district.  Many 
borings  were  made  in  this  delta,  a  lar^re  number  of  samples  secured, 
and  some  sections  made — in  fact,  an  unusually  thorough  knoAvledge 
of  its  structure  and  comj)()sition  obtained. 

The  Clinton  sand  plain  (d(»j)osited  in  the  frlaoial  Lake  Xasluia)  is 
in  all  respects  tyi)ical  of  its  class,  the  essential  conditions  existing  in 
it  being  duplicated  in  many  plains  throu^rhout  New  England.  The 
results  of  the  study  of  its  struct ui-e  and  the  relations  thereto  of  the 
ground  water  are  therefore  of  interest  in  showing  the  possibilities 
and  characteristics  of  water  suj>plies  in  sand  plains  in  general. 

Nashua  River  holds  a  uniipie  place  among  the  rivers  of  New  Eng- 
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land,  inasmuch  as  it  is  the  Iarp»st  stream  oast  of  the  Hudson-I^ke 
Champhiin  VaUoy  that  flows  throughout  tho  mam  part  of  its  course 
in  a  nortliorly  direction.  The  deop  northward-draining  valley  of 
the  Nashua  |)ivsi»nts  ideal  conditions  for  the  study  of  the  phenomena 
of  glacial  lakes,  for  probably  nowheiv  in  New  England  was  this 
phasi*  of  the  closing  stage  of  the  Pleistocene  ice  sheet  more  typically 
developed. 

Although  Nashua  Valley  pn*si»nts  naturally  a  very  attractive  field 
for  the  student  of  glacial  g«»ology,  it  was  rendered  doubly  inviting 
by  (he  opt'rations  of  (he  nietro|)olitan  water  board  in  the  construction 
of  (he  Wachusett  res<»rvoir.  This  givat  ivsi^rvoir,  with  an  area  of  64 
square  miles  an<l  a  maximum  depth  of  liiO  feet,  will  be  formed  by 
th(»  l)uilding  of  the  Wachusett  dam  across  Nashua  River  and  of  two 
auxiliary  dams,  known,  respectively,  as  the  "  north  dike  "  and  the 
"  south  dike,"  and  will  reproduce  in  part  the  glacial  lake  which  once 
adorned  (he  uj)j)er  valley  of  the  Nashua. 

The  history  of  the  Nashua  series  of  lakes  commenced  when  the 
n^treating  margin  of  the  great  ice  sheet  first  lx»piu  to  uncover  the 
southern  water  parting  of  Quinepoxet  Kiver,  which  unites  with  the 
S(illwater  near  Oakdale  to  form  the  Nashua. 

During  the  earliest  .stage  the  im|)ounded  water  of  Quinepoxet  Val- 
ley found  an  outlet,  at  an  elevation  of  aluMit  7()0  feet,  across  the 
southern  water  j)arting,  flowing  southward  to  Blackstone  River  and 
Narragansi'tt  Hay  through  the  pass  now  occupied  by  Chaffin  Pond 
and  trnvci'MMl  liy  llic  r>o>toiK  Harn*  and  (Gardner  Railroad. 

A\'lH'n  tin-  ]rr  >hrct  icIcmmmI  its  hold  on  the  Maiden  Hill  Ridge  at 
Ihc  noiih  limit  of  the  ponded  body  the  water  fell  to  the  level  of  the 
Hoylston  >t;ige.  linding  near  HoyKtoii  CeiitiM*  an  outlet  at  an  eleva- 
tion of  about  Ilo  feet,  throii/Lrb  wliieli  it  passt^d  into  the  valley  of 
Lake  (^>niii>igainon(I  and  thenee  to  the  Hlaekstone.  The  opening  of 
(he  rK»yl>toii  outlet  involved  a  change  of  level  of  about  800  feet,  and 
such  a  eoini)lete  abainlonnieiit  of  the  (^>iiinepoxet  area  that  the  two 
part-  oi'  -tage-  (d'  the  lake  nowhere  o\erlap.  i>nt  apj)ear  on  the  map 
a>  entirely  distinct  and  ^ej)arate  bodio  of  wati'r. 

AA'heii  the  ice  margin  had  finally  retreated  along  the  eastern  water 
jjarting  lo  the  pa.-s  f"orni<'rly  traversed  by  ihe  Central  Massachusetts 
Kailroad,  'J  mile-  ^oiith  of  Clinton  (to  be  closed  by  (he  south  dike), 
the  level  of  the  lake  was  lowered  about  70  feet,  to  the  Clinton  stag(^. 
(-ee  iig.  :\i\)  :  and  its  wateiN  pr()bably  became  tributary  to  Roston 
Harbor  instead  of  Narragan>ett  l>ay.  Concord  and  Merrimac  valleys 
being  ^till  occnj)ie(|  by  ice.  T\\'\^  is  an  ideal  ontl(»t,  narrow  and  well 
defined.  The  miiiinnnn  elevation  of  the  water  parting  in  the  south- 
dike  pas-  is  'Mut  feel — nearly  'MO  feet  l)efon»  the  construction  of  the 
railroad. 
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THE  ClilNTON  DEIiTAS. 


FORMATION. 


With  the  opening  of  the  south-dike  pass  came  a  rapid  development 
of  the  Clinton  Plain,  made  possible  by  the  necessarily  rapid  erosion 
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Fifj.  :{6. — Extent  of  Lako  Njishua  at  Clinton  Htn^e  and  I(K>ation  of  tho  RulKlIylsions  of  the 
rilnton  plains.  The  larger  portion  of  tlio  area  within  the  houndary  of  the  lake  at  the 
Clinton  stage  is  o<*('ui)led  by  samd  plains,  the  Clinton  plains  proper,  the  suMivislons  of 
which  are  represented  on  the  map.  lyln^  to  the  northwest,  west,  and  southwest  of 
Clinton. 

of  the  high  and  doep  deposits  of  the  Boylston  stage.  In  fact,  the 
waste  of  the  Boylston  Plain  along  the  axis  of  the  valley  in  the  first 
few  years  after  it  became  exposed  to  the  rush  of  the  Nashua  and  its 
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trilnitHrirs*  with  a  fall  nf  finau  10  to  ^0  fiv**  [K^r  unk\  must  hart*  I 
oiiuniirnis;  and  wc  c^aii  not  uscaiw  tht*  cunchisioii  that  through  ihi 
cfKiporatioii  of  the  Nashua  with  th**  i^hiciiil  strtmriii^  from  tlw  iiorlli- 
wan]  thi^  flintoji  Plain  wa*^  dov*'Irn>*Hj  nmtimKHii^ly  atoij*^  the  i»outh* 
crn  liiurgiii  af  tlu*  kt  to  the  oulk*t*  the  level  of  which  xva^  pnibablv 
rais<ecl  somewhat  by  the  i*x tension  thniugh  it  nf  tiie  coarne  top^*t 
kyern  of  th«  d<^Uji. 

QENRRAl.   CHARACTER. 

The  delta  plaini;  of  tlie  Clinton  sitige*  with  nt^rnml  plevaUtms 
JiT5  to  H85  feet,  are  inoRt  bnniiUy  and  typieally  develujwd  in 
distfictiS  innned lately  ntirt Invent  and  south wes^t  of  the  village 
ClintoM,  or  in  tliat  part  i>f  tlie  valley  between  South  LnncRRior  aril 
BoyLston.  They  are,  in  part,  indieated  with  ft  p>od  degree  nf 
Hccniraey  liv  tlie  contour  lines  nf  the  topographic  niap;  and  tlitid 
southwest  of  Clinton  iuh*  still  mow  elearly  and  iirtnirately  expn^^-^ 
by  the  rumoin^  hue  of  :i70  feet  on  the  map  of  tlif*  Win*)njH<*tt  reservoir, 
this  eontfu'ir  tnieing  the  outlines  of  the  plains  very  eJor^ely  whore  thM 
uvi}  developed  to  the  nt»nnal  elevation.  The  post-(!lacial  enKi^? 
fu^tioij  of  the  river  has  left*  an  a  rule*  only  nnmger  remuant^s  of  thv 
Clinton  plains  u|>  the  ^iiUev  west  of  Boyktou,  North  nl  lioybtniu 
however,  tin*  valley  is  nnieh  broader,  and  the  ravagies  of  tht*  riv^i 
i-elatively  nnieh  le.ss,  so  that  over  an  are^i  of  several  s^]uare  inih^s  tin 
deltas  of  the  Clinton  stage  are  preserved  almost  intact*     In  fart,  i* 

niav   1m_-  uwllbU-d  if  ttil>  v>  licit*  III  iliio  le^iwii  Citii  be  /uUiid  liiui^  tiusruitil 

or  striking  examples  of  this  phase  of  the  modified  drift.  The  defor- 
esting of  the  area  to  l)e  covered  by  the  reservoir  brings  out  the 
various  features  of  the  plains  in  all  their  pristine  distinctness  and 
perfection,  so  that  even  in  a  merely  topographic  sense^a  very 
unusual  opportunity  is  temporarily  presented  to  the  student  of  glacial 
geology. 

Although,  as  the  map  shows,  the  Clinton  plains  are  broadly  and 
typically  developed  in  the  districts  both  immediately  northwest  and 
southwest  of  the  village  of  Clinton,  it  is  in  the  latter  area  that  they 
have  been  most  j)erfectly  exposed  for  study  by  deforesting,  and  most 
fully  explored,  first,  by  drilling  prei)aratory  to  the  construction  of 
the  north  dike,  and  second,  by  the  excavation  of  the  great  trench 
subsequently  filled  with  impervious  material  to  form  the  core  or  cut- 
off of  the  dike.  The  main  cut-off  trench  afforded  a  nearly  continuous 
section,  having  an  aggregate  length  of  l),r)5()  feet  and  a  maximum 
depth  of  00  feet,  and  in  addition  to  this  therc  was  a  shorter 
secondary  cut-off  trench.  The  wash-drill  borings,  to  the  number  of 
1,131,  with  an  average  depth  of  83  feet  and  a  maximum  depth  of 
nearly  300  feet,  are  distributed  systematically  and  somewhat  uni- 
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fomily  over  an  area  9,000  feet  in  length  (east-west)  and  2,000  feet  in 
breadth.  Nearly  10,000  samples  from  these  borings  have  been 
examined,  in  part  somewhat  exhaustively,  and  it  is,  perhaps,. within 
bounds  to  say  that  in  certain  aspects  no  similar  body  of  modified  drift 
has  been  more  thoroughly  investigated.  The  available  data  seem, 
therefore,  to  justify  a  somewhat  elaborate  presentation  and  discus- 
sion, especially  since  they  throw  important  light  not  only  upon  the 
Htructurt'  of  these  deltas,  but  also  upon  the  relations  of  the  ground 
water  to  this  structure;  and  since  they  are  externally,  also,  rather 
impressive  examples  of  the  type,  presenting  ideal  developments  of 
all  the  normal  features,  including  ice  contact,  frontal  and  erosion 
slopes,  and  the  level,  upper,  or  topset  surface  pitted  by  kettles. 

In  a  broad  way  the  Clinton  deltas  are  coextensive  with  the  lake  at 
the  Clinton  stage  (fig.  3(5).  They  are  bordered  on  the  east  and  west 
by  slo|>es  of  rock,  or  till,  and  in  the  soiitheni  portion  by  the  higher 
plains  of  the  Boylston  stage.  The  contact  is  marked  in  part  by 
original  ice-contact  surfaces  of  the  higher  plains  and  in  part  by  ero- 
sion slopes  (Hit  in  these  higher  plains  by  the  Clinton  waters.  •The 
principal  development  of  the  Clinton  plains  is  west  of  Nashua  River 
in  the  region  northwest  and  southwest  of  Clinton,  in  which  region 
four  successive  delta  stages  are  recognized,  which,  l)eginning  with  the 
earliest,  or  southernmost,  and  ending  with  the  latest,  or  northernmost, 
are  the  Nashua,  North  Dike,  Mossy  Pond,  and  Lancaster  plains. 
Their  locations  are  shown  in  fig.  30.  The  surface  of  each  of  the  plains 
is  characterized  by  numerous  kettles,  due  to  the  melting  of  buried  or 
partly  l)uried  masses  of  ice;  some  of  these  kettles  are  of  large  size 
and  contain  ponds  (PI.  V,  .1).  The  Nashua,  North  Dike,  and  Mossy 
t*i>nd  plains  all  show  <rentlo  slopes  and  faces  to  the  south  and  east; 
thi'  first  two  and  the  Lan<*asler  Plain  have  ^teep  ice-contact  faces  on 
the  north.  The  Mossy  Pond  and  Lancaster  plains  merge  into  each 
^>ther,  and  neither  the  w  contact  of  the  former  nor  the  marginal 
slopes  of  the  latt<»r  are  typically  developed.  The  sharp  channel  of 
Nashua  River,  eroded  to  a  depth  of  70  or  SO  feet  through  the  Nashua 
Plain,  is  a  characteristic  f<'atuie  (PI.  VI,  .1). 

NORTH  DIKE  PLAIN. 
STIU  (TIKAL  FKATrilES. 

It  is  proposed  to  consider  here  oidy  that  segment  of  the  Clinton 
Plain  (grossed  by  th<»  north  dike  and  hounded  on  the  north  by  Coach- 
lace  Pond  and  on  the  south  hy  Cunningham  Brook  and  Nashua  River. 
For,  as  previously  noted,  tliis  nieniher  alone  of  the  Clinton  stories  has 
been  sufficiently  dissectcMJ  by  borings  and  excavations  to  afford  the 
data  i-equisite  to  an  understandini'  of  its  structure. 
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Gettrnit  to  ^}o(/ nip  ft  if  find  ht^tf-rnrl' rtiatioH^.—Th^  North  IMkr  Pl< 
is  approxiriuitcly  2  niilrs  Umg  (fast-wcj^t )  by  I  niilc*  witli*  in  thi? 
oral  1 1  i  vvc  1 1 on  of  i t^  rri*(  nv  1 1 1  f rot 1 1  1 1 urt  h  t n  ^^ u  I  h  ttii c]  f  1 1  r i «  Iin  1  rti  ul  v 
of  its  I<vn0li  ivy  thi*  iiurn»w  ami  (tvcr hipping  rulp*s  nf  met»rtif)rph 
slate  or  iihyllitt^  on  IIh*  unM  soutUerly  uf  which  the  C}ith<»lic 
was  formtTly  liH*Htr(L     llu'  wrstt*ni  fmrt  of  I  he  pin  in  in,  in  mciil 
spectN  tho  nioiv  normal  th^ta,  nt  k*iiHt  in  n*^ftn!  to  it*^  forum  1  featur 
an  ahiiost  nnhrukt-n  plniu  slftpin^^  gently  and  evenly  Houthwjiril  fr»^ 
a  typieal  iee-eontiiet  margin  fringtMl  with  kettU'iH  to  a  lohati?  froiitl 
slopes  wliirh  in  ni*  pa  rated  fiurni  the  ire-ronlaet  maririn  of  the  mrli 
Nashna  i)hiin  by  tlie  foH.s  valley  of  Cunningham  Ilrtiok.     In  ili«  iiihIi 
surfjiee,  also,  tli«  western  part  uf  the  Nfirth  Diki*  Plain  in  n*]iilm«^ 
simple  and  iiorinah  ninci^  its  northern  Inilf  ivi^ts  on  an  npprrixjtiiiilr 
plant'  iR'd-nK^k  floor  (rangini^  in  elevatiaiu  its  sho%vn  I>y  si^vt'ntl  littid 
dred  horingj^,  frtmi  ul>ont  ^^Q  to  nearly  H70  fe»et),  whieh  ulsu  iliq 
gently  sitnthward  and  is  trenehed  to  depths  up  to  50  fi>et  cir  nicir^  1 
several  sou(!n\ard-sh>ping  and   south  ward -eon  verging  roek    VnlhrJ 


Rock 


Fic.  'M.-  -SohM'tod  <>:ist-wost  profllo  through  :i  Hue  of  liorlngs  In  westerly  portion  of  north- 

diko  ureu.  Clinton.  Muss. 


The  form  of  the  hed-rock  surface,  so  far  as  developed  by  the  borings, 
is  shown  hy  the  east-west  j)rofiles  across  the  valleys  (fig.  p37). 

The  eastern  half  of  the  plain  is  far  more  irregular,  both  super- 
ficially and  basally,  than  is  the  western  half.  Midway  between  the 
cemetery  ridges  and  Burdette  Hill  it  is  widely  divided  by  the  kettle 
basins  of  (\)achlace  and  Sandy  ponds,  continued  southwestward  in  a 
string  of  more  nonnal  kettles;  and  approximately  coincident  in  posi- 
tion and  treiul  with  this  depression  is  the  deep,  pre-Glacial  bed-rock 
gorge  of  Nashua  Iliver,  to  which  several  minor  bed-rock  valleys  with 
sej)arating  ridges  of  schist  are  tributary." 

The  most  surprising  and  puzzling  feature  of  the  relations  of  this 
plain  to  the  bed-rock  contours  is  the  fact  that  the  basin  or  trough  of 
Coachlace  l\)nd,  as  it  existed  before  the  building  of  the  north  dike, 
although  closely  parallel  to  the  deej),  buried  gorge  of  the  Nashua, 
does  not  directly  overlie  it,  but  is  superposed,  with  1*20  to  130  feet  of 
modified  drift  intervening,  upon  a  distinct  Ix^d-rock  terrace  several 
hundred  feet  wide,  with  an  elevation  of  190  to  210  feet,  separating 
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the  gorge  from  a  well-defined  ridge  of  schist  comparable  with  the 
cemetery  ridges  and  rising  to  a  maximum  elevation  of  280  feet,  or 
within  100  feet  of  the  surface  of  the  Clinton  Plain.  This  relation, 
whether  fortuitous  or  not,  clearly  demands  consideration  in  any  dis- 
cussion of  the  origin  of  the  kettles.  It  appears  from  the  foregoing 
that  the  broken  eastern  half  of  the  North  Dike  Plain  rests  upon  an 
unusually  rugged  bed-rock  topography,  with  a  maximum  relief  of 
nearly  300  feet  and  corresponding  variation  in  the  depth  or  thick- 
ness of  the  modified  drift;  and  it  may  be  added  that  the  form  of 
the  bed-rock  surface  is  without  appreciable  influence  upon  the  con- 
tours of  the  delta,  except,  f>erhaps,  in  determining  in  some  degree 
the  location  and  trend  of  the  north-south  line  of  kettles,  or  ice-block 
depressiona 

Relations  to  the  ground  moraine  or  till. — ^With  a  bed-rock  topog- 
raphy of  strong  relief,  the  dominant  trends  of  which  are  obliquely 
:ransverse  to  the  direction  of  glacial  movement,  it  might,  perhaps, 
lave  been  anticipated  that  the  depressions  would  be  deeply  filled  by 
he  ground  moraine.  As  a  matter  of  fact,  however,  the  borings  show 
hat  the  valleys,  and  notably  the  deep  pre-Glacial  gorge  of  Nashua 
^iver,  are  remarkably  free  from  till ;  and  this  notwithstanding  the 
fact  that  the  North  Dike  Plain  terminates  both  east  and  west  in  promi- 
lent  drumloids,  in  which  the  bed  rock  is  heavily  covered  with  till. 
Usually  the  only  thing  really  suggestive  of  till  is  a  basal  layer  of 
travel  of  obviously  local  origin,  and  ranging  from  a  few  inches  to 
several  feet  in  thickne^ss,  which  many  of  the  borings  show  resting 
jpon  the  bed-rock  surface.  This  basal  gravel,  varying  from  coarse 
,o  fine,  but  undoubtedly  including  much  coarser  material  than  the 
kvash-drill  samples  indicate,  might  perhaps  be  interpreted  as  a  washed 
Lill;  but,  if  so,  the  washing  has  been  singularly  thorough,  for  the 
"iamples  show  it  to  l>e  entirely  devoid  of  clay  and  rock  flour,  and  there 
is  no  apparent  reason  why  it  should  l>e  differentiated  in  origin  from 
the  rest  of  the  modified  and  water-laid  drift.  West  of  the  cemetery 
fidge,  however,  although  the  till  is  restricted  to  a  few  thin  patches 
rarely  exceeding  5  feet  in  thickness  for  the  northern  profiles,  south- 
ward down  the  sloping  l)ed-roek  surface  it  increases  somewhat,  and 
in  the  two  or  three  most  southerly  profiles  it  is  practically  continuous 
and  varies  in  thickness  from  2  to  80  feet. 

Collection  of  horintj  mmples. — The  borings  in  the  north-dike  area 
were  made  with  the  wash  drill  (PI.  VI,  iff),  which  consists  essentially 
of  a  strong  casing  pipe  approximately  3  inches  in  diameter,  and  the 
drill  proper  or  water  pipe  about  IJ  inches  in  diameter,  and  terminat- 
ing at  the  lower  end  in  a  cutting  edge  with  two  small  holes  for  the 
escape  of  water.  The  casing  is  driven  into  the  ground  by  a  cast-iron 
weight  which  encircles  its  uppermost  length  or  drivehead,  and,  fall- 
ing freely,  strikes  on  a  collar  firmly  attached  to  the  lower  end  of  the 
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drivehe^ul.  In  ihi.s  ei)Uar  in  the  imflet  fm-  the  wtiti*i%  which,  osca 
from  the  lower  end  of  the  tlriU,  rWs  in  the  nTUuilar  Hpatv  ln't in^u 
drill  an<i  the  en^iiijr  ntid  briri^  up,  if  the  hend  uf  wnter  (jo  sij(!ideii< 
all  mateiiiil  lon^^ened  I>y  I  he  artiou  nf  (he  drilK  exiopl  pebbles^ 
stoaes  Uni  Inrgre  tor  the  efinnneh  or  exc*eiHli!i|:  tiUmt  I  indi  in  diAl 
ter.  Lnr^er  stones  are  either  flisi^bieetl  or  broken  bv  fbt^  drill 
casing.  Tlie  imtfhiwtn^  Htremn  of  tin  bid  water  disehiir*rt«H  into  a  till 
in  which  tlie  eouj^ser  materia  Is  in  mi^iwasion  HettU\  while  tlie  day  am 
rock  floM  r  I u ■< *  In  r^i *  1  y  \\  n si u m I  u  w 1 1 y  w i 1 1 1  1 1 1 1*  o v e rfl ( > w *  A t  eon ven ien 
intervals,  and  eytKH*ially  when  a  elumge  in  the  character  of  the  di:s 
charge  is  noted,  the  water  in  the  tub  h  poure<l  nS^  a  Bainple  takei 
from  th(*  aceunnilated  t^edinient,  tincj  the  ttil>  cleaned  out  prepnratoi] 
to  the  col^H'tiori  "f  I  he  ni*\l  sji  tuple.  In  absor|>live  strata  a  part  o: 
the  water  may  es<mj)e  into  the  grouml,  i^educlng  the  velocity  of  ttu 
ezcurrent  slt^i^am  sriilieit*ntly  sy  rlmt  (inly  tlie  Jiner  detritus  is  bnajghl 
up;  or  the  water  may  U*  wholly  lust  and  no  saniple  obtained  until  th< 
ground  Imronie^  satnmtiMl  nt'  the  eaKiug  is*  thiven  tleep  enough  to  ctil 
off  the  thirsty  strattini.  It  has  Ix^en  found  also  that  when  the  c*Hsin§ 
has  reaclu»d  Hu*  ^reut  IwMly  tif  line  sKUtl  anil  rork  flour,  of  which  lilt 
lower  part  c^f  the  dejx>sit  iw  ehietly  eampostHl,  the  drill  may  Ih*  rur 
down  b<*low  the  easing  UK)  or  even  ITiO  feet,  tfu*  water  rising  for  this 
distance  in  an  uncased  well  of  its  own  niukiug  without  coHapsi*  ot 
serious  (living  of  the  walls,  C)f^  eonr^**  any  enlargement  af  thi*?  uu- 
protected  part  of  the  hole  must  diniinish  the  velocity  of  the  watei 
through  JK  arel  thus,  ns  in  tlie  ease  t»f  "'  lost  water/'  tend  tn  fjrevent 
coarse  sand  or  gravel  from  coming  up  and  make  the  samples  more  or 
less  incomplete. 

The  majority  of  the  samples  were  necessarily  taken  under  the  gen- 
eral conditions  described  above,  and  these  are  designated  as  regular 
or  ''  incomplete  ''  samples.  These  were  supplemented  for  certain 
borings  l)y  special  or  ''  complete  "  samples,  taken  by  holding  a  2- 
quart  glass  jar  under  the  discharge  and  allowing  it  to  fill  but  not  over- 
flow, and  then,  after  the  material  in  suspension  had  settled,  drawing 
off  the  water  with  a  siphon.  In  cases  of  persistent  turbidity  (sus- 
pended clay)  a  few^  drops  of  hydrochloric  acid  were  added  to  the 
w'ater  to  curdle  the  clay  and  thus  secure  a  more  prompt  and  perfect 
separation.  With  these  precautions  the  special  samples  can  not  fail 
to  show  in  due  proportion  all  the  materials  brought  up  by  the  water; 
but  they  are  still  likely  to  be  imperfectly  representative  of  the  deposit 
as  it  exists  in  the  ground  w^hen  the  detritus  is  coarse  or  of  a  composite 
(coarse  and  fine)  character,  or  where  any  important  part  of  the  water 
is  lost.  The  special  samples  were  taken  at  regular  intervals  of  5  feet, 
and  an  extra  sample  whenever  a  change  in  the  character  of  the  dis- 
charge w  as  noted,  thus  making  sure  that  no  important  changes  were 
overlooked. 
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Classification  of  boring  samples. — ^The  special  samples,  with  the 
regular  samples  from  the  same  borings,  were  submitted  to  elaborate 
mechanical  analyses  and  filtration  tests,  to  be  described  later;  but  the 
regular  samples,  as  a  whole,  were  far  too  numerous,  as  well  as  too 
incomplete  in  character,  to  justify  anything  more  than  a  careful 
macroscopic  examination,  with  a  view  to  an  approximate  classification 
in  accordance  with  the  following  scheme: 

Classification  of  wash-drill  samples  from  site  of  north  dike. 


1.  Coarse  gravel. 

2-  Fine  gravel. 

3.  Coarse  sand. 

4.  Medium  sand. 

5.  Fine  sand. 


0.  Superfine  sand. 

7.  Rock  flour. 

8.  Sui>erflne  rork  flour. 

9.  Clay. 

10.  Bowlder  clay. 


The  coarser  and  also  the  finer  grades  are,  as  usual,  highly  composite 
or  have  high  uniformity  coefficients,  while  the  intermediate  grades, 
especially  No.  5,  have,  for  reasons  to  lx»  discusstnl  later,  a  high  degree 
of  uniformity  or  relatively  low  eoefficient.s.  The  uniformity  coeffi- 
cient is  defined  as  the  ratio  of  that  size  of  gi-ain  than  which  CO 
l)er  cent  is  finer  to  that  size  than  which  10  per  cent  is  finer,  this  ratio 
varying  inversely  as  the  actual  uniformity.  A  large  number  of 
.determinations  gave  the  following  as  the  average  or  normal  maxi- 
mum sizes  of  grain  in  the  four  grades  l)etween  medium  sand  and 
clay:  No.  5,  0.45  millimeter;  No.  6,  0.28  millimeter;  No.  7,  0.16  milli- 
meter; No.  8,  0.08  niillimoter.  The  averages  for  the  uniformity 
coefficients  for  these  grades  are  as  follows:  No.  5,  1.00;  No.  6,  2.11; 
No.  7,  2.25;  No.  8,  1.5H.  These  values  of  the  unifonnity  c(K»fficients 
are  l>e]ieve(l  to  V)o  css<Mitially  normal  for  grades  Nos.  5,  0,  and  7,  and 
technically  so  for  ^ra<lc  No.  8.  The*  values  for  <rra<les  Nos.  7  and  8 
(2.25  and  1.53)  are,  in  each  case,  th(»  average  of  38  determinations, 
with  minimum  and  niaxiniuni  valutas  of  1.41)  and  3.30  for  ^rade  No.  7 
and  1.15  and  1.88  for  <rrade  No.  S.  But  it  is  very  difficult  or  practically 
impossible  to  accurately  measure  the  iiner  particles  of  cjrade  No.  8, 
since  they  are  in  their  minuteness  on  tin*  border  line  of  clay;  and  it 
is  very  obvious  that  where  falling  below  the  technical  effective  size 
(the  size  than  which  10  p<'r  cent  is  finer),  or  even  where  aggregating 
less  than  10  per  cent  of  the  whole,  they  may  still  be  regarded  as  an 
important  factor  in  determining  the  real  uniformity  as  well  as  in 
their  influence  upon  j)or()sity  and  percolation. 

General  strucfun . — A  normal  d<»lta,  built  by  a  swift  and  turbid 
stream  in  a  body  of  standin":  water — that  is,  formed  under  the  con- 
ditions existing  in  a  glacial  lake* — cMnbraces,  as  shown  in  fig.  38, 
three  approximately  horizontal  beds,  which  Davis  has  fitly  named  the 
topsets.  foresets,  and  bottoms(»ts.  In  the  tops(»ts,  compos(»d  mainly  of 
coarse   material    (gravel    and   coarse  sands,  grades   Nos.    1,  2,   3), 
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>^lniii(led  on  (b«  iipfM*r  Hiirfi4tx>  of  thp  delta,  and  in  tiie  Ixjttoiiifcls, 
f^mbraring  rliidly  tlu^  fmiK<  nilt  (rttck  iUmr  und  rlay,  ^ad«^  N<m.  7,  a, 
0)  dt'}Kisit<Ml  in  tlu^  ?*tinHliii^f  \vari*r  JM^yuiid  thv  tmWr  mai-gin  of  the 
dultu  iiihI  rnubstniULiitly  covfivd,  at  lea.st  in  part-  by  tbe  cotitinuf^f 
extfittHion  of  tlic*  bitter,  thr  growth  \ti  principully  in  ihe  vertiml  di ruc- 
tion and  the  hiinijmtiou  liorizotital ;  whil«>  in  thi^  fon*S(*(.-^,  fonntHt  oa 
tlu^  ^rtnv in^  edgt*  cm-  frontal  ?^bijio  of  tlu*  delta  and  imub*  tip  almcH 
exeliiHively  of  iimti*rinl  nf  inte'riii<>dinU*  texttireK  (niiHliiim  and  fine 
siuiils,  gnides  Xos»  k  5.  i'A*  the  ^rnwth  is  horiz^ontal  and  tbi*  latnina- 
tioii  ol»lique,  the  laaiiniv  sh>pin|^  dtnvtnvard  tn  the  diixx'ticm  of  ^roisth. 
The  tcjpst*ts,  funned  on  a  snrfaro  alri*ady  nggradt^d  nwirly  to  the 
I  wise  li^v<*h  are,  h\  J<|>ite  of  their  rnii  iNeneSH,  of  ivdiitively  slight  njrgnj* 
pite  thitkni*ss,  and  they  aiv  likely  to  l^*  mueh  thinner  thiin  tho  t'om- 
hnwil  forcsels  atu!  tKMtrniij^^ts,  this  nitio  varying  dinWIy  ns  the  depth 
of  tlie  basin  in  whicdi  the  df*lta  is  Imilt,     It  would  |KHbapH  ap|)4^ur  to 
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many  a  natural  if  not  a  necessary  assumption  that  the  bottomsets  also 
shouhl  be  rehitively  thin,  the  foresets  appearing  thus  as  the  dominant 
feature  of  the  delta  section.  The  relative  thickness  of  the  bottom- 
sets  nnist  obviously  tend  to  vary  directly  as  the  proportion  of  silt  in 
the  detritus  delivered  at  the  head  of  the  delta  by  tlie  tributary  stream 
and  inversely  as  the  area  of  the  basin  beyond  the  frontal  slope  of  the 
delta;  and  it  is  clear  that  the  thickness  of  the  bottomsets  should 
increase  from  the  head  of  the  delta  outward  because  of  the  increas- 
ing time  and  diminishing  area  of  deposition.  Although  these  princi- 
ples may  require  some  modification  as  applied  to  ordinary  deltas, 
marine  and  lacustrine,  they  are  believed  to  be  especially  applicable  to 
the  deltas  of  glacial  lakes  of  limited  area,  largely  because  of  their 
relatively  rapid  construction  and  the  consequent  sharp  delimitation  of' 
the  component  features. 

The  well-determined  high  proportion  of  silt  (rock  flour  and  clay) 
in  normal  drift,  averaging  more  than  50  per  cent  of  the  whole,*  sug- 
gests for  the  limited  basins  of  many  glacial  lakes  an  exceptional 
thickness  of  the  bottomsets,  especially  toward  the  lee  sides  of  the 
basins.    The  full  thickness  of  the  bottomsets  is  rarely  disclosed  in 
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actual  sections  of  important  deposits ;«  but  even  this  fact  added  to 
the  foregoing  consideration  fails  to  suggest  the  great  depth  of  the 
bottomsets  indicated  by  the  numerous  borings  in  the  north-dike  seg- 
ment of  the  plain  formed  in  true  delta  fashion  during  the  Clinton 
stage  of  glacial  Lake  Nashua. 

The  borings  do  not,  as  a  rule,  reveal  the  attitude  or  dip  of  the  lami- 
nation, even  when  adjacent  borings  are  closely  compared;  and  gen- 
eral conclusions  as  to  the  relative  thickness  of  foresets  and  bottomsets 
must  rest  largely  upon  the  assumption  that  grades  Nos.  4  and  5 
belong  especially  to  the  foresets,  and  grades  Nos.  7  and  8  to  the  bot- 
tomsets, and  that  grade  No.  G  holds  an  intermediate  position,  marking 
the.transition  from  the  foresets  to  the  bottomsets.  These  assumptions 
were  sustained  by  observation  wherever,  in  the  course  of  the  engi- 
neering operations,  the  dehas  have  been  sectioned.  The  most  impor* 
tant  opportunity  for  direct  observation  of  the  structures  below  the 
surface  was  afforded  temporarily  during  the  construction  of  the  north 
dike  by  the  prunary  and  secondary  cut-off  trenches,  the  former 
extending  the  entire  length  of  the  dike  and  ranging  most  of  the  way 
from  30  to  a  maximum  of  00  feet  in  depth.  Notwithstanding  that 
the  trend  of  the  cut-off  is  at  most  points  transverse  to  the  direction 
of  delta  growth,  the  walls  of  the  great  trench  showed  in  general, 
below  the  coarse  gravel  of  the  horizontal  topsets,  southward-sloping 
layers  of  medium  to  superfine  sand,  rarely  more  than  10  to  15  feet 
thick.  Since  the  main  purpose  of  the  cut-off  is  to  intercept  the 
relatively  pervious  topset  and  foreset  l)eds,  it  nowhere  penetrates 
deeply  the  underlying  and  highly  impervious  bottomset  strata;  and 
hence  these  have  nowhere  lHH»n  exposed  for  more  than  a  small  fraction 
of  their  thi(»kness. 

The  low  uniformity  coefficient  and  consequent  high  porosity  of  the 
more  characteristic  material  of  the  foresets  seems  to  find  a  ready 
explanation  in  the  obvious  princij)le  that,  of  the  material  swept  by 
the  distributaries  of  the  tjflacial  stream  l>eyond  the  outer  edge  of  the 
delta,  only  particles  of  a  limited  range  in  size  could  settle  on  any 
narrow  zone  of  the  frontal  or  foresc^t  slope;  and  yet  it  is  easy  to  see 
that  the  material  would  tend  to  lH»conie  finer  toward  the  lx)ttom  of 
the  slope.  In  the  standing  water  lx\von(l  the  frontal  slope  the  resid- 
uum of  detritus  in  suspension  must  all  settle  eventually,  with  little 
or  no  assorting  where  the  process  is  continuous,  the  resulting  deposit 
l>ecoming  thus  highly  conif)()site.  The  importance  of  this  principle 
in  its  relations  to  the  storage*  and  movement  of  the  ground  water 
in  the  sand  plains  of  the  glaciated  area  is  obvious. 

•  IiiTestlgations  of  the  clays  associated  with  a  sand  plain  at  nnrrlnpton.  R.  I.,  made 
by  J.  B.  Woodworth  (Seventeenth  Ann.  Hept.  V.  S.  (Jeol.  Survey,  pt.  2.  1896,  pp.  987- 
988).  and  M.  L.  Fuller  (Jour.  <:«h)1..  vol.  7,  1809,  pp.  4r)2-4«L»),  showed  that  the  bot- 
tomfiet  silts  may  1>e  present  in  as  f^reat  or  tn'eater  bulk  than  the  sands  and  gravels  of  the 
combined  foresets  and  topsets. 
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Th<>  thoorv  of  tlu»  formation  of  delta  plains  in  glacial  lakes  require 
that  tin*  HHVssion  of  tlio  sta^iaiit  margin  of  the  ice  sheet  should  h 
intonnittcnt  or  cliaractoriztMl  bv  more  or  h»s^  prolonged  halts,  with 
in  general,  a  rather  rapid  n»<*ession  from  one  halting  place  to  tin 
next.  The  essentially  stagnant  condition  of  the  ioe  margin  is  prove* 
l>y  the  rather  rare  distortion  of  the  delta  deposits  due  to  a  rt^idvano 
of  the  ice.  T\u'  glacial  streams.  su|KM*glacial  and  subglaciaK  tern 
constantly  to  build  d(>ltas  in  the  standing  water  of  the  hike,  but  th< 
normal  fonn  and  structure  are  fully  realized  only  wheiv  the  id 
nuirgin  recedes  slowly  enough,  or  halts  long  enough,  to  allow  th< 
dejMisit  to  1k»  built  up  to  the  surface  of  the  water.  In  other  words 
the  determining  factiu-s  are  rate  of  recession,  rate  of  deposition,  anc 
de])th  of  water:  anil,  assuming  disposition  as  constant,  the  fornnitior 
of  a  di'lta  demands,  in  general,  that  the  rate  of  recession  shall  van 
inversely  as  the  depth  of  the  water,  or  at  least  that  the  rate  shall  1)« 
low  when  tin*  water  is  ileep,  and  practically  7.ero  for  su(*h  exeeptiona 
depths  of  water  as  obtaimnl  in  the  north-dike  aiva  during  the  (''lin 
ton  stage  of  Lake  Nashua.  In  seeking  an  explanation  of  the  inter 
mittent  retreat  and  prolonge«l  halt>  of  the  ice  margin,  we  naturallj 
recognize  ilimatii*  ox'illations  as  probably  an  imixirtant,  if  not  j 
l)rincipal,  factor.  The  suggestion  is  ventured,  however,  that  a  stil 
more  potent  cause*  may  be  found  in  the  accumulatitm  on  nnirgina 
portions  of  the  \rv  (as  now  on  the  periphei'al  tracts  of  the  Malaspim 
and  Ueriiig  ghicier>)  of  I'ugiacial  drift,  whii-li  has  become  superglacia 
tln'(Hi«:-li  al)liUion.  Siicli  a  covering  of  drift  nnist  retard  the  n)i»ltini 
of  lllr  ire.  >:lVr.  prlhap--.  W  Ih  Tc  lllc  folltniir-  of  tlic  lattiT  f  a  vor  tin 
occiiri't'iK'i'  of  ^tniidiiii!"  »»i"  ^tntrnniil  watci*.  Tlic  rondition  here  pos 
tul:it(Ml  :i|)|MMi-.  :il-o.  M'vy  f:i\ o!':il)lc  to  the  rapid  building  of  ai 
cxtriidcd  dcliM  MLinin-i  llie  ii'c  inai'irin.  -iucf  it  atfords  an  abinidanct 
(ff  iii:ilfi-ial  ill  tin-  iiio-t  ;hl\  :iiil:iirt'oii>  Trial  ion.  c-pccially  if  wi'  a>sunu 
>  iilKT«il:n'i:il  >ti-«':im-  :i-  the  chii'f  :ifti\e  a<:-ciM'y.  as  apparently  W( 
imi~t  with  water  from   Hh)  to  nearly  -►no  feet  «leep. 

Dui'ing  the  riM't'^-ion  of  the  iee  maririn  from  the  head  of  one  deltji 
to  the  head  of  the  next  delta  of  the  -eiie-.  the  delrilal  tribiUe  of  llu 
-tream  iiiii>t  he  -j)read  over  the  inter\eninir  iraet  as  an  imperfectlx 
a^MH•ted  and  >tratiliet|.  more  or  le»  tumult iioii>  de|)o-ii  of  pvevailinglN 
eoar-e  matt'i'iai.  pa»ing  npward  -omewhat  abruptly  into  the  tint 
^iit--  of  the  normal  hollom-et>.  Tliii>  we  tind  a  rea<ly  and  adecjiiati 
ex|)lanation  of  the  \aryinir  lhiekne>-  of  ;ri':»v*'l  :»iid  eoai'M'  >and  whi<*l: 
many  of  the  horinir^  >how  between  the  bottom-et^  and  the  bed  rock 
The  only  wonder  i<  that  tlii>  record  of  a  -hiftiiiL^  iee  margin  is  not 
nnn'e  continuous.  The  observed  faet>  and  tin'  natural  tcndencie> 
seem,  howcxcr,  to  l(»ave  u>  no  alternative  but  to  aeeej)!  thcM'  basal 
acciunulations  as  a  normal  featiu'c  of  glacial  dclla:^,  a  feature,  too 
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which  in  its  relations  to  the  ground  water  must,  notwithstanding  its 
lack  of  continuity,  be  somewhat  comparable  with  the  foresets. 

Effect  of  ground-water  circulation.^ — In  the  borings  in  the  North 
Dike  Plain  there  were  encountered  at  depths  ranging  from  less  than 
10  to  188  feet  numerous  layers  of  iron-stained  or  cemented  sands  and 
gravels  from  thin  lamina;  up  to  beds  55  feet  in  thickness,  the  latter 
probably,  however,  being  composite  in  character.  The  materials 
commonly  occur  l>etween  relatively  fine  and  impervious  beds.  The 
material  is  often  of  recent  deposition,  as  indicated  by  the  strong 
ochery  color  imparted  to  the  water  used  in  drilling,  and  appears  to 
have  b(»en  deposited  along  the  course  of  subterranean  drainage  by 
waters  passing  downward  through  surface  mold  and  muds  and  carry- 
ing ferrous  carbonate  derived  from  the  soil  and  eventually  changed 
to  the  ferric  hydrate.  The  deposits  occur  anywhere  from  tlie  surface 
to  the  lower  limit  of  free  drainage,  but  are  discontinuous  and  patchy 
because  the  subterranean  drainage  is  located  in  rather  definite  courses. 
They  belong  largely  to  the  freely  draining  topset  and  foreset  layers 
and  are  seldom  represented  in  the  bottomset  layers,  in  which  the  water 
is  relatively  stagnant.  Besides  the  ferruginous  material  just  de- 
scribed there  are  considerable  amounts  of  drift  above  the  main  water 
table  in  which  a  buff  tint  has  been  developed  by  oxidation  of  the 
contained  iron  or  of  the  ferrous  carbonate  introduced  by  the  ground 
water.  The  oxidation  is  not  entirely  dependent  upon  a  position 
above  the  ground-water  level,  but  is  limited  to  the  coarser  and  more 
pervious  portions  of  the  drift  which,  remarkable  as  it  may  seem,  may 
l>e  oxidized  evon  Ix^low  the  level  of  the  water  table,  while  the  firmer 
portions  are  often  unoxidized  even  when  near  the  surface. 

WATER    rR( )BLE M  S. 

Relationfi  of  the  iratcr  tahlc, — The  Xorth  Dike  Plain  is  so  com- 
pletely interrupted  by  the  ceiiK^torv  rid<res  as  to  destroy  the  continuity 
of  the  water  table,  and  in  no  n^spect  is  the  contrast  of  the  easterly  and 
westerly  portions  of  the  j)laiii  more  marked  than  in  their  relations 
to  the  level  of  the  ground  water.  For  the  easterly  portion  this  level 
is,  of  coui^se,  determined  by  the  ponds,  and  it  is  interesting  to  note  that 
V>efore  the  conditions  were  (listurl)e(l  by  the  construction  of  the  north 
dike  the  minor  isolated  kettle  ponds  were  in  substantial  agreement 
as  to  water  level  with  the  Sandy-Coachlace  basin.  AlM)ve  this  level 
(about  834  feet)  this  part  of  the  plain  consists  chiefly,  and' at  most 
points  wholly,  of  the  foi-es(»t  and  tops(^t  IxmIs,  and  the  former  esix*- 
cially  are  in  creneral  so  hifrhly  j)ervious  as  to  be  without  appreciable 

•For  comploto  doscrlptlons  of  the  ferruginous  mutcrials,  buff  and  oxidized  drift,  etc., 
see  Tecbn.  Quar.,  vol.  17,  pp.  04-67. 
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infliioiico  upon  the  water  tal>lc.  which  is  (f)iitinue(l  through  them  f( 
lon^  distances  without  siMisihlo  ^railiiMit  or  change  of  level.  AVher 
however,  the  Inittoinsets  or  si»iliinents  of  finer  textures  and  highi 
iiiiifonnity  ctH'tlicients  than  ^ra<Ies  Nos.  5  or  (>  rise  above  tlie  {xiii 
level  the  water  tal>le  promptly  rises,  attaining  n  maximum  elevatio 
of  at  least  .*Jr>5  ftM't  and  a  maximnm  ^railient  of  5  to  6  per  cent.  M 
must  assume  cross  iMMldin^  of  the  foivsots  with  alternating,  more  c 
h»ss  iH»rvious,  slopi u«r  layers  as  a  general  fact,  and  observation  show 
that  in  spite  of  this  tin*  water  table  is  a  nearly  level  plane  wherever ; 
cuts  this  middle  zone  of  the  ilelta. 

West  of  tlu»  ceun»ttM'V  ridgi»s,  where  the  North  Dike  Plain  has  il 
most  continuous  and  perfect  development,  the  ix'lations  of  the  wate 
table  are  di>tiuctly  ilifl'erent.  Its  normal  level  seems  to  lie  3(»r>  to  37 
f<H»t,  with  an  t»xtreme  ran«re  of  »»<>()  to  1^75  f(H»t,  and  averaging  l\0  fei 
higher  than  the  level  of  the  ponds  to  the  north  and  eaist.  Althoug 
highest  to  the  north  and  tending  to  sink  with  the  plain  to  the  soiitl 
the  level  is,  in  the  main,  remarkably  uniform  and  panillel  with  th 
surface  at  depths  of  10  to  'JO  fiH't.  Tin*  ground  water  is  virtual! 
im|)<»undeil  by  high  land  to  the  west,  tht*  cemetery  ridgi*s  to  the  easi 
high  bed  rock  to  the  north,  and  the  rising  and  imjiervious  bottoniset 
to  the  south.  The  latter  barritT  especially  prevents  the  water  fror 
escaping  fn'cly  through  the  valley  of  Cunninjrham  BnH>k  to  Nashu 
Kivcr.  The  impoimded  or  almoM  lake*  like*  condition  of  the  gi^onni 
water  allords  Imh  little  opportunity  ti>  note  the*  influenci^  of  the  varv 
iiiir  MMliiiM'iit-  ii|)<>ii  llie  wMtei-  li'\«'l,  «'-|n'ri:illy  since  it  is  at  nearly  al 

p<»ilit-  ln'ld  wrll  :ilM»\e  tlir  hot  toin-ct   ImmN. 

/.>>.s/  ir.if,  r.  W'r  \\\\\r  iintrd  tliMt  ill  |)nrnn>  and  absorlMMit  strat;i 
e>peci:illv  :iIm»m'  the  l«'Nel  \)'i  th«'  Ln'oiiini  water,  the  water  (»s<'apin, 
from  th«'  «liill  m:i\  he  partly  oi-  wholly  ahM)i-l)e(K  and  thus  fail  t 
!'etiii-M  to  ihr  -iii'l'aee.  Thi>  |)hi'iioinenoii,  a>  we  should  expect,  i 
well  ni nil  imiN<'i"-al  in  the  eoar>e  and  |)er\i(Mis  topset  and  fore?>t] 
!)(m|>  ahoN«'  the  1»'M»1  of  (ln'  tri-onml  water.  Hut  it  also  often  recurs  a 
vari(»n>  (l«'|)th^  down,  pei'haps.  to  the  hottiun^  of  the  deepest  biiring 
and  it  i-  iindouht«'dly  the  nio>t  -ei-ioii-  (litlienlly  with  which  the  dril 
men  ha\i'  to  contt'iMl,  and  t'reqnrntly  nere>-itate^  driving  the  casin 
in  ad\aiH'e  of  the  drill. 

r>elo\v  tln'  watir  level  tin*  Io>>^  of  wat«'r  may  he  attrihutecl,  in  man 
<'as«'^,  to  the  simplr  dilh'reiK-e  of  head.  th<'  water  standing  at 
hiirlKT  level  in  the  drill  or  ea>inir  than  in  the  irroiiml.  ami  thii 
tendinir  to  escape  into  the  latter.  F>nt,  a>  the  hoi-inir  profiles  clearl 
show,  th{»  deeper  Mi'ata  in  which  the  water  riin<  away  are  nsuall 
inttMstratilii'd  with  relati\(»ly  oi'  |)raetieally  imper\ion>^  hedsof  supei 
liiM'  sand  and  (piart/  Hour,  often  of  considerable  thickness.  We  nui 
usually  suppo.-e  that  the  water  escaping  into  such  intercalated  bed: 


CBOSBT.]  DELTA  TTPE  OF  SAND  PLAIK.  176 

however  great  the  depth,  simply  causes  an  equivalent  amount  to 
overflow  on  the  water  table  at  the  point,  however  remote,  where  the 
bed  in  question  is  intersected  by  that  surface.  In  many  cases,  how- 
ever, the  avidity  and  completeness  with  which  the  water  is  absorbed 
suggest  what  may  be  called  "  thirsty  beds  " — ^that  is,  pervious  strata 
inclosed  by  impervious  material  to  such  an  extent  as  actually  or 
virtually  to  isolate  them  from  the  free-moving  ground  water  above, 
.while  in  their  downward  extension  they  may  connect  with  some  body 
of  coarse  gravel,  possibly  pertaining  to  an  earlier  ice  margin,  having 
more  or  less  free  drainage  at  a  lower  level,  and  thus  tending  to 
deplete  or  exhaust  the  water  of  tributary  beds.  This  hypothesis  has 
been  found  requisite  to  explain  some  of  the  hard-packed  sands 
encountered  in  the  north-dike  l)orings;«  and  as  an  explanation  of 
the  "  lost  water,"  it  possesses  the  great  advantage  of  not  requiring 
the  prompt  movement  of  a  long  column  of  water  through  material  in 
which  the  friction,  added  to  the  inertia  of  the  water,  would  tend,  by 
loss  of  head,  to  minimize  the  result.  In  other  words,  the  thirsty 
sand  is  right  at  hand,  and  not  at  some  remote  point  perhaps  scores 
or  hundreds  of  feet  above  the  point  of  escai>e  of  the  water.  This 
explanation  really  postulates  a  localized  water  table,  limited  to  a 
sdngle  stratum,  and  far  l)elow  the  normal  level  of  the  ground  water; 
but  that  these  conditions  do  actually  obtain  we  seem  to  have  inde- 
pendent evidence  in  the  "  brown "  or  iron-stained  sands  to  be 
described  later,  as  well  as  in  the  hard-packed  sands.  The  explana- 
tion might  appear  to  accord  best  with  the  general  fact  that  after  a 
time  the  lost  water  returns — that  is,  ceasi»s  to  run  away.  But  for 
this  pheiionienon  wo  have,  perhaps,  a  simpler  explanation  in  the 
natural  tendency  of  the  escaping  water  to  dose  the  interstices  of  the 
sand,  and  thus  prevent  its  own  escaix*.  Again,  this  explanation  is  in 
harmony  with  the  fact  that  loss  of  water  is  unusual  below  the  general 
drainage  level  of  Nashua  Valley  north  of  Clinton  (elevation  200  to 
250  feet) ;  and  the  apparent  exceptions  may,  perhaps,  lH»st  l>e  ex- 
plained as  due  to  the  continued  escape  of  the  water  through  some 
higher  previous  stratum  where  the  drill  has  gone  l)elow  the  casing,  or 
even  where  it  has  not.  since  the  water  sometimes  manifests  a  strong 
tendency  to  work  its  way  up  outside  the  casing. 

It  appears,  th(»n,  that  ""  lost  water''  may  require,  in  different  cases, 
three  explanations:  First,  direct  absorption  i)v  porous  materials  above 
the  normal  water  table;  this  caus<^  is  nearly  universal,  though  not 
always  leading  to  a  total  loss,  and  often  ()i)erates  more  or  less  c(m- 
tinuously  from  the  surface*  of  the  ground  to  the  level  of  the  ground 
water.  Second,  indirect  absorption  by  porous  materials  above  the 
normal  water  table,  through  the  medium  of  intercalated  porous  strata. 

•Tcchu.  Quur.,  vol.  15,  pp.  200-1104. 
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^.H  i-~  I'litirely  indepentlent  of  the  head  of 

ihe  flriil.     It  usually  subsiik*s,  iiartly  or 

"^v  within  li   few  mitniteH,  although  it  may 

111  I  he  water- bra  ring  Htratum  has  Iktii  cut  off 

1^  rtri>lib*s  ^fu>w,  this  [jlnMii^rnenon  may  Iw  i^peated 

,,  fhe  course  of  a  deep  Iwjring*    That  tho  spring 

t^  nn(|uestioiiab]ts  for  it  j^  never  ol>servqd  while 

^    *'^*^*  0tt^  iu>i'inal  water  t  a  tile,  and  only  wiien  thil  boring 

,1   '      \^  ^ftkXn   intercaJated  in  inipervioii!*  SLKlimepts,  the 

-  **      ,(►!.'  sin»pos<5d  lo  be,  and  in  many  cas**B  proved  to  be, 

thi»  relations  f»f  the  springi*  to  the  strn<*tiiro  of  the 

^^Hn  nh*  nn>st  fully  and  dearly  exhibited  in  tlie  west- 

I  hi'  north -sou  lb  protiles  of  wliieh  show  \\m\  tin*  springs 

■  <1  to  the  *?fiuthern  part  of  the  plain;  that  they  occur 

.'^ '*"*''^rtck  ■*^*'  eontinuous  series  of  bottoinset  strata;  and  that 

-*^  *    -gm  at  whieh  th(\v  occur  increase  to  the  southward  with 

elevation  and  deptli  of  the  lx)ttomsets.     In  spite  of  their 

'Hne  and  inipervious  character,  we  must  suppose  that  the 

inchide  some  relatively  jx^-vious  beds,  which  are,  natu- 


*p^ 


^ 


••"fS 


...^HtfL  continuous  upward  and  northward  with  still  more  pervious 
JJJ^^Ilgjg,  Southward  thes<»  beds  must  become  gradually  finer  and 
^"ntfTJOllff  and  die  out  as  artesian  horizons,  and  thus  we  find  that 
XT taw«r*t8  well  as  the  uj)per  limits  of  the  springs  tend  to  rise  to 
lli»  Mithward. 

LoAl  water  and  springs  are  terms  denoting  ph(»nomena  of  distinctly 
MBOiila  character,  and  for  their  interpretaticm  we  have  in  part 
«MHned  corresiKmding  structural  conditions,  namely,  limited  per- 
tioua  bedB  with  frtn*  drainage  in  the  case  of  lost  water,  and  without 
itm  drainage  in  the  cas(»  of  springs.  That  thes(»  conditions  actually 
•siat  may  not  be  questicmed,  since  they  accord  perfectly  with  the 
Mtanl  probabilities  of  the  case,  and  since  the  two  phenomena  rarely 
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oncur  even  approximately,  the  springs  occurring  normally  at  lower 

"^els  in  any  given  boring  than  loss  of  water,  although  the  latter 

'V  now  and  then  recur  below  the  lowest  spring,  especially  with 

4gs  of  only  moderate  depth. 

»         iren  in  borings  in  Coachlaee  Pond,  water  was  frequently  lost  at 

pths  of  i25  to  100  feet,  although  the  head  of  the  water  in  the  drill 

above  the  ground  water  in  the  bordering  plain  must  \ye  little  or 

nothing.     This  seems  to  prove  quite  conclusively  that  the  water  is 

absorbed  by  thirsty  or  exhausted  strata,  and  does  not  rise  in  saturated 

strata  to  overflow  on  the  water  table. 

GENERAL  CONCIiUSIONS. 

The  conditions  of  deposition  of  a  normal  delta  in  a  glacial  lake 
determine  for  the  relatively  thick  series  of  foreset  IkhIs  a  high  degree 
of  uniformity  and  consecpient  porosity;  and  for  this  series  the  rel- 
atively thin  bottomsets  form  an  impervious  floor  and  the  still  thinner 
topsets  a  cover  which,  by  virtue  of  its  coarseness,  permits  the  absorp- 
tion of  the  total  rainfall  and  minimizes  loss  by  capillary  flow  and 
evaporation,  both  the  composition  and  structure  of  the  delta  favoring 
extensive  storage  of  water  in  the  foresets. 

Probably  the  most  important  distinction  to  be  recognized  among 
the  deltas  of  glacial  lakes  is  that  based  upon  areal  relation  of  the  delta 
to  the  lake.  Where  this  ratio  is  large,  or  the  delta  virtually  fills  the 
basin  of  the  lake,  as  in  the  Clinton  example,  the  bottomsets  are  likely 
to  lie  relatively  thick  and  to  limit  the  development,  at  least  in  thick- 
ness, of  the  foresets.  On  the  contrarj',  if  the  areal  ratio  is  small,  as 
in  the  case  of  a  delta  of  limited  area  in  a  relatively  large  basin,  the 
relation  of  the  foresets  to  the  bottomsets,  and  of  l>oth  to  the  ground 
water,  will  be  radically  different.  In  the  latter  case,  especially,  the 
topographic  relief  and  distinctness  of  the  delta,  where  uneroded,  at- 
tain their  maximum  development;  and  the  highly  pervious  foreset 
and  topset  beds  are  then  most  likely  to  l>e  free  draining,  the  water 
table  being  relatively  low  and  the  storage  capacity  of  the  delta  as  a 
whole  at  a  minimum. 

The  storage,  as  noted,  must  obviously  be  chiefly  in  the  foreset  beds, 
and  these  are  likely  in  any  case  to  be  protected  against  loss  by  the  rel- 
atively impervious  bottomsets,  not  only  downward  but  laterally  as 
well,  in  the  case  of  a  dc^lta  in  a  basin  of  relatively  limited  area.  This 
case  is  admirably  illustrated  by  the  westerly  portion  of  the  North 
Dike  Plain,  where,  through  the  influenc  chiefly  of  the  inclosing  bot- 
tomsets, the  water  table  is  held  high  above  the  normal  drainage  level 
of  the  district,  and  the  chief  loss  of  water  may  be  assumed  to  be  back- 
ward through  the  abrupt  and  irregular  ice-contact  slope. 
JBB  145—05  M 12 
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Tliircl,  iibsurptHiU  hy  intercalatorl  pi»n»nK  stmtti  hIkuc  a  local  low  i 
of  I  la*  ground  watiT,  dotermined  by  a  ndfttively  fivt*  diniiia^*  eoimvN 
lion  with  a  Itmrr  [nm  of  th**  vmIIi'V*  J 

ASpnuf/H, — A  eomiunn  im-ident  of  tlu*  lioriugH  uk^ng  th*?  saittM 
niiir^in  of  11  le  North  Dike  Plain,  esjx^ciully  in  th«  westerly  jHUlio^ 
where  t\w  dr*volopint*iU  is  nioro  rontinuuiis  tind  TionniiK  and  aftf r  tl 
drill  has  pcnotraUrtl  thc>  ndatively  iniixrviouH  fHittoTnjM^ts,  is  ii  tnoret 
1("SH  vipjrou??  aHcsiati  How,  the  ^iouikI  wiitor  rising  from  a  foot  or  tn 
to  10  or  15  feet  aiiove  the  ^nrfact^.  This*  phen^)ineium  tfi  kiiawn  by  Uf 
drili  nirn  ns  a  *' spring/*  TJu^  artesian  flow  attains  lt*j  maxiimii 
hdght  alK>Vf*  thi*  sitrfaee  wlieti  the  l>orin^  is  kK*ated  in  a  kettle  or  otiM 
depression,  and  it  never  ri»^:4  alnwe  the  level  uf  the  head  or  n^M'fhei 
i*dgtt  of  the  plain.  Thi.s  fltjvv  is  enlin^ly  independent  of  the  head  t 
water  usi^d  in  operatinp  the  tlrilL  It  nsiially  sidi^^ides,  partly  ( 
coni|iletely,  spontaneously  within  a  few  minutes,  although  it  ma 
continue  nnahated  uiUil  tlu^  water-liearing  slraturu  ha.^  l>een  cut  a 
by  the  easing.  As  the  proliles  show,  this  phenomenon  may  la*  n^ja^at^ 
once  or  niatiy  tinn*??  in  the  course  of  a  df.*ep  lioriug,  That  the  t^prin 
IB  a  t ru e  a rt esi n n  flow  is  n nq 1 1 e st i i m n f > I e ,  f ( jr  it.  is  ne ver  ( >l »si' r v i 'd  w hil 
the  drill  is  above  the  normal  water  table,  and  tmly  when  t!ie  Inirin 
inters^H'ts  pervion^s  strata  inti^n'alated  iti  injpervicin^  sit*dinient*«,  ti 
pervious  strata  Wing  ^iupposed  to  l>e.  and  in  many  cases  proved  Id 
continuous  to  the  surface. 

As  indicated,  the  relations  of  the  springs?  to  the  stnn'ture  of  th 
north-ilike  deltM  are  most  fully  and  clearly  exhibited  in  the  wesi 
erly  pnrtinn,  the  northsonlh  priifili's  of  which  show  tluit  the  sprinj; 
are  strictly  limited  to  the  southern  part  of  the  plain;  that  they  occii 
only  in  a  thick  and  continuous  series  of  bottomset  strata;  and  thi 
the  elevations  at  which  they  occur  increase  to  the  southward  wit 
increasing  elevation  and  depth  of  the  bottomsets.  In  spite  of  thei 
generally  fine  and  impervious  character,  we  must  suppose  that  th 
bottomsets  include  some  relatively  pervious  beds,  which  are,  nati 
rally,  continuous  upward  and  northward  with  still  more  perviot 
foreset  beds.  Southward  these  beds  nuist  become  gradually  finer  an 
less  pervious  and  die  out  as  artesian  horizons,  and  thus  we  find  th« 
the  loAver  as  well  as  the  upper  limits  of  the  springs  tend  to  rise  t 
the  southward. 

Lost  water  and  springs  are  terms  denoting  phenomena  of  distinctl 
opposite  character,  and  for  their  interpretation  we  have  in  pai 
assumed  corresponding  structural  conditions,  namely,  limited  pei 
vious  beds  Avith  free  drainage  in  the  case  of  lost  water,  and  withou 
free  drainage  in  the  case  of  springs.  That  these  conditions  actuall 
exist  may  not  be  questioned,  since  they  accord  perfectly  with  th 
natural  probabilities  of  the  case,  and  since  the  two  phenomena  rarel 
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concur  even  approximately,  the  springs  occurring  normally  at  lower 
levels  in  any  given  boring  than  loss  of  water,  although  the  latter 
may  now  and  then  recur  lx»low  the  low^est  spring,  especially  with 
lK)rings  of  only  moderate  depth. 

Even  in  borings  in  Coachlace  Pond,  water  was  frequently  lost  at 
depths  of  25  to  100  feet,  although  the  head  of  the  water  in  the  drill 
above  the  ground  water  in  the  bordering  plain  must  be  little  or 
nothing.  This  seems  to  prove  quite  conclusively  that  the  water  is 
absorl^ed  by  thirsty  or  exhausted  strata,  and  does  not  rise  in  saturated 
strata  to  overflow  on  the  water  table. 

GENERAL.  CONCLUSIONS. 

The  conditions  of  deposition  of  a  normal  delta  in  a  glacial  lake 
determine  for  the  relatively  thick  series  of  foreset  lx»ds  a  high  degree 
of  uniformity  and  consequent  porosit}';  and  for  this  s(»ries  the  rel- 
atively thin  l>ottomsets  form  an  impervious  floor  and  the  still  thinner 
topsets  a  cover  which,  by  virtue  of  its  coarseness,  permits  the  absorp- 
tion of  the  total  rainfall  and  minimizes  loss  bj'  capillary  flow  and 
evaporation,  both  the  composition  and  structure  of  the  delta  favoring 
extensive  storage  of  water  in  the  foresets. 

Probably  the  most  important  distinction  to  be  recognized  among 
the  deltas  of  glacial  lakes  is  that  based  up<m  areal  relation  of  th(»  delta 
to  the  lake.  Where  this  ratio  is  large,  or  the  delta  virtually  fills  the 
basin  of  the  lake,  as  in  the  Clinton  example,  the  bottomsets  are  likely 
to  Ix^  relatively  thick  and  to  limit  the  development,  at  least  in  thick- 
ness, of  the  foresets.  On  the  contrary,  if  the  areal  ratio  is  small,  as 
in  the  case  of  a  delta  of  limited  area  in  a  rdativcly  hu-ge  hasiu.  the 
relation  of  the  foresets  to  the  bottomsets,  and  of  both  to  the  ground 
water,  will  be  radically  different.  Tn  the  latter  ease,  cspeeially,  the 
topographic  relief  and  distinctness  of  the  delta,  where  uneroded,  at- 
tain their  maximum  (Ievel()j)ni(»nt ;  and  the  highly  pervious  foreset 
and  tops(»t  beds  are  then  most  likely  to  be  fre<»  draining,  the  water 
table  l)eing  relatively  low  and  the  storage  capacity  of  the  delta  as  a 
wiiole  at  a  minimum. 

The  storage,  as  noted,  must  obviously  be  chiefly  in  the  foreset  beds, 
and  these  are  likely  in  any  case  to  be  protected  against  los<  by  the  rel- 
atively impervious  bottonisi'ts.  not  only  downward  l)ut  laterally  as 
well,  in  the  case  of  a  delta  in  a  basin  of  relatively  limited  area.  This 
case  is  admirably  illustrated  by  the  westerly  portion  of  the  North 
Dike  Plain,  wdiere,  through  the  influenc  chiefly  of  the  inclosing  bot- 
tomsets, the  water  table  is  held  high  above  th(»  normal  drainage  l(»V(d 
of  the  district,  and  the  chief  loss  of  water  may  be  assumed  to  be  back- 
ward through  the  abrupt  and  irregular  ice-contact  slope. 
iBR  145—05  M 12 
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Although  the  fnrt*sM'ts  must  b«  fiR^unicd  as  mibj<*ct  to  eooisidf^rable 
vnriatinn  in  ti>xttnv  from  layer  to  layer,  it  i*i  probnlile  that  in  any  nor- 
mal i*\uiriplr  thi\v  }iiv  (hnui^hoiit  sci  reiidily  permoabk*  as  to  i>xtM*t  lit- 
tU^  inllm*rji  I*  tlirtMigli  iUtnv  stnii^tiiral  n*lM(ioiis  upnii  tht-  levt'l  or  move- 
mien  t  of  tht'  ground  wnten  which  mmply  fills  them  at*  it  might  an 
ordiMMry  ivs**rvoir. 

It  must  Im^  uottnL  howeTc^r,  that,  as  thf  north-south  prodles  of  the 
North  Dikti  Plain  elenrly  show,  tht^!  fort*5*ti5,  in  con!4et|uenoe  of  tb- 
diinitnHhiiig  |H»\vrr  of  tlu^  distributurios  uf  tin*  frhifiul  r^treani,  tend  tc» 
become  finer  away  m>m  t)ie  hvtu\  of  the  thdta  in  thi*  various  dire<*- 
tions  uf  its  frniwth.  Thin  fad.  at^  well  a^  the  ^ix?ater  abrupt iie,ss  of 
the  mirth  nr  lieatl  slnpts  Huli(^ah*s  in  j<pit«*  of  the  !OUthward*ftb»piiig 
*^triieture  phim^H,  the  rhief  Itis.s  uf  water  of  a  fn^  or  itiiinclo^'d  delta 
in  tin:  former  dirtH*tionI  The  must  uhvions  exceptional  c§Lfms  would 
be  whc^re  tht*  deHa  heads  again*;t  wlojw?*  uf  vavk  m-  tilh  or  i^  c[o*^ly 
joined  by  the  LH)ttotn?»4.^t,s  and  foresets  of  the  next  later  deltii  of  ih 
st*ries. 

Downward*  the  foi*e?vets  ninst  blend  irrecfiilarly  wiMi  (lie  I  ml  torn- 
yt^ts,  certain  Ijcds  upftarrntly  retaining  I  lie  ivlatively  coarw  a  nil  per- 
vious character  for  a  conniderablt*  diwtftnec  aflt*r  ass^iuinin^  the  epprox* 
imately  liori/^ontal  attilndt^  u(  tlie  bntlonisets,  Tlnm  are  cshiblish^ 
the  condiiion.s  favurijig  arte^^ian  ihnvh  un<l  *' yjjrings/*  or  favoring 
^*  lo«t  water,^*  hard -packed  sand,  and  ferrnginouii  layei'j^i  if  the  inter- 
Iw^ddcd  pervioii:^  layers  persist  and  find  an  outlet  at  a  lower  leveh 

Tlie  movement  and  storage  uf  the  ^rtaind  ivater  may,  therefort*.  In* 
regarded  a.s  highly  dillVu-t-ntial  and  ronjj)lex  in  the  ba>?al  and  frontal 
portions  of  a  delta,  while  relatively  uniform  and  simple  in  the  top- 
sets  and  the  main  body  of  the  foresets. 
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WATERS  OF  A  GRAVEL-FILLED  VALLEY  NEAR  TULLY,  N.  Y. 


By  George  B.  Hollister. 


INTRODUCTION. 

General  statement, — The  valley  whose  waters  are  considered  in  the 
present  pajx^r  is  located  a  short  distance  northwest  of  TuUy,  in 
Onondaga  County.  On  l)oth  sides  the  walls  rise  to  heights  of  from 
1,500  to  1,5)00  feet,  or  from  800  to  1,200  or  more  feet  above  the  rock 
bottom,  which  in  the  vicinity  of  Tally  is  buried  beneath  500  feet  or 
more  of  gravels  depasited  in  front  of  a  glacial  tongue  when  its  front 
rested  about  2  miles  northwest  of  that  town  (fig.  39).  The  portion  of 
^he  valley  occu[)ied  by  the  ice  is  the  relatively  unfilled  part  north  of 
the  point  indicated,  lying  mainly  below  the  900-foot  leveL  The  steep, 
northward-facing,  irregular  gravels  represent  the  position  of  the  ice 
front,  while  the  relatively  flat  plain  sloping  to  the  south  is  built  up 
of  sands  and  gravols  deposited  by  streams  leading  out  from  the  ice 
margin. 

In  view  of  the  fact  that  the  conditions  are  similar  to  those  in  many 
other  valleys  in  New  York  and  elsewhere  in  the  glacial  region,  and 
can,  therefore,  Ix'  consich'ivd  as  rcpn^sentative  of  a  type,  it  has  l)een 
thought  (lesind)le  to  |)rescnt  in  this  report  the  results  of  a  somewhat 
detailed  study  of  the  (luantity  and  (luality  of  the  water  supplies  in 
its  deposits. 

J>KS(  HirriOX  OF   J  IIK  IJKPOSriS. 

The  general  chanictcr  of  the  deposits  has  already  been  indicated. 
The  south ward-slopinii:  plain  extends  southward  througli  the  Tiough- 
iiioga  Valley  to  Cortland  and  beyond,  being  r'haracterized  in  the 
vicinit\-  of  Tully  by  a  subdued  morainal  surface  Avith  depressions 
occupied  by  ten  or  t\velv(*  lakes  of  sizes  varying  from  a  few  feet  to  a 
mile  or  more  in  length.  vSonie  of  them,  notably  Crooked  and  Song 
lakes,  have  no  visible  outlets. 
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Seetiotis  in  raviiips  and  grav«»I  pits  in  On*  narth ward- facing  Bs^ar 
ment  rfiow  the  inakTiHl  to  Ix*  onniniKHl  nf  gravels  sands,  and  daj 
Itj  ft  ^nivi*l  i^it  on  Hit*  nun!  Ii^inlinir  northward  nut  of  the*  j^Iojh*  or*  ic 
\\i*stward  i^il^t*  at  ainjiit  tlu'  hniO-foot  cotitour,  lliv  ^»^nivels  smtv  rudely 
i^tnitillivl  iMid  stmvv  ii  d<*(.ith.Hily  ntirtherly  dip.     At  ahoiil  tbt*  Wd 

of  the  I,14()'fcK>t  ctmtour  i^ 
found  H  doju^Hif  of  iiiudy  luiui- 
unUH\  blue  Hay  wliiHi  oiiIf*r« 
on  I M  J I  f  I  (lie  cast  w  a  r  1 1  a  ik!  wi'st- 
ward  t^nds  t>f  tin*  till  at  i]*i> 
ek* vat  ion  aiitl  appi^ars  tn  he  roa* 
tinuiMis  iirnvsH  it  J*  eiitin;-  fnrr. 
Wmxe  ihi*  day  an*  thin  J**^ 
di*pu;^it.s  with  iay<H-5*  of  graved 
or  o  inohes  thlrk  anil  at>*nv  t!» 
latLi'r  a  bed  of  cak^art^ons  tufa 
fmm  8  to  IS  feet  tiiiek.  'fd 
I'kiy  is  practloally  im]M*rvi(ni*: 
aiul  Inuits,  «t  leui^t  to  a  ]ar£ 
oxt^nt,  the  downwarci  pi^rctij 
tion  of  water  through 
*rrav<>k. 

W  ATKH  8UI"PT.IK8. 
sraixos. 

Dhrhm*ffe.—X  large  iiuml>er 
i>f  <'opiouB  springs  issue  from 
the  northward-faeinuf  escarp- 
Oient  iuuuediately  ah*»vf  llie 
htOt  of  1)1  ue  chiy,  occurring  at 
intervalTs  all  tlu*  way  across  the 
VII 1  lev.  Tni  fif  the  stn'ani? 
formed  by  the  springs  were 
measured  at  short  distancas 
below  Iheir  spurces  on  Novem- 
ber 7,  1004,  by  Mr.  John  C 
Iloyt,  of  the  United  States 
(leologieal  Survey,  to  ascertain  the  approximate  total  seepage  from 
the  glacial  material  nortlnvard.  The  locations  of  the  measuring 
points  are  noted  on  fig.  39,  and  the  discharge  of  the  various  streams 
and  springs  was  as  follows : 


^^ 
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Contour  interva/ SO  feet 
•  Gaging  stations 

Vm.  39.— Sketch  mup  of  vicinity  of  Tully,  N.  Y.. 
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Discharge  of  spriuy-fed  ntreamH  near  Tulip,  N.  T. 

Sccond-fe4>t. 

No.  1 0.  2(5 

No.  2 .lU 

No.  :\ .  18 

No.  4 1.33 

No.  5 .09 

No.  0 1.05 

No.   7 .68 

No.    10 1.2;{ 

Aside  from  the  abovt*  surfnco  How,  spring  No.  1  <lellvers,  tlirouji^h  a  2-liich 

V\\H\  approximately .  75 

Spring  No.  2  delivers,  tliroiu^h  a  4-inch  pipe,  approximately 1.25 

Total . 7.4G 

Cfiemirol  charnrter, — The  relatively  lar^je  amount  of  calcai'oous 
tufa  which  Avas  observed  on  the  norlhwanl-faeing  escarpment  called 
attention  to  the  hi*i:hly  impregnated  character  of  the  water  of  the 
Tully  Spring  and  made  it  desirable  to  investigate  this  feature  more 
fully.  Not  only  was  the  deposit  of  tufa  found,  but  calcareous  de- 
posits were  also  observed  wherever  water  from  spring  No.  1  had 
splashed  on  the  ground  near  a  large  metal  kettle  at  the  roadside,  int^ 
which  its  water  is  conducted  through  a  pii)e. 

IAKE8. 

Description, — The  lakes  of  the  area  naturally  divide  themselves 
into  two  distinct  series.  Song,  Crooked,  and  Mud  lakes  have  no 
visible*  outlet,  but  the  latter  two  receive  the  run-off  from  the  a«ljacent 
shale  hill  on  the  west:  they  form  the  lirst  scM'ies.  Hig  and  (ireen 
lakes  form  the  secoixl  series.  They  have  a  tributary  streaui  feeding 
them  from  the  eastern  hills  and  tlie  Tully  Valley  and  discharge  into 
the  west  brancli  of  Tioughnioga  Hiver  at  the  southern  end  of  Big 
Lake. 

Chewicdl  <lun'(K'f(r.--i)\\  Xovenibi^r  10  and  following  a  s(»ries  of 
samples  were  taken  from  springs  No.  1  and  No.  li  and  from  th(» 
various  streams  heading  above  the  elay  deposits  refei-red  to  al)()ve,  as 
well  as  from  the  lakes  lying  in  the  depressions  of  the  moraine  just 
south  of  the  crest  of  the  escarpment.  I)ig  Lake  was  sampled  in 
rapidly  flowing  open  water  at  its  outlet.  Song  Lake,  which  lies  with- 
out apparent  inlet  or  onllet.  was  sampled  at  its  northerly  and  south- 
erly ends.  A  narrow  ^tl•i|)  of  low  marshy  land  connects  it  Avith 
Crooked  T^ake  and  indicates  sluggish  couiuiunication  In^tween  the 
two.  Another  sample  was  taken  at  the  southern  .end  of  Crooked 
Lake  in  a  sniall  circnlai'  basin  se|)arating  it  from  the  main  lak(»  by  a 
narrow  bar.  A  sample  was  taken  from  the  hillside  streams  tributarv 
to  Crooked  Lake,  about  ^OO  to  :^00  feet  above  its  surface,  and  another 
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sample  at  tht^  uoilh  end  of  CriKikod  Uikc  at  its  outkH,  a  sliigg:!^ 
s^tn*iiiii  tlikwing  ittirtliwArcl  into  Mud  l^ike.  Mud  f^ke  wtis  tA-*\ 
Han  I  pled  ii*»Rr  Its  uiitk^t  into  the  siimU  hoAy  of  wntpr  still  fjirthcr 
nortth  Fnmi  the  iiartlu'rn  mul  HoiitlK'rn  cuds  of  (jn*<*ti  I^tikc  ^tnple* 
werf  takm^  whieh,  with  tliasc  HemtrtKl  from  th^  spriupi  ami  ^trvaioB 
rtowidij  down  tht'  t>w*rtrp!iitnit>  ciiiti|dKrd  tht^  si*n<*tq. 

Tin*  uniil y^His  af  iht'  smtiph^  prinripully  fur  chlorine  and  nlkalinttTt 
reveal  cjondilioiiH  of  periiliar  inteit»*it.  The  ^mple^  takcm  from  lli* 
-«t*ni^s  ijf  lakes  w it  1  unit  ?4nrfiia*  diiiiiia^*,  viz,  Son^,  Cn>okcd*  An4 
Mild,  an*  oDHiparativc^ly  low  in  cJihirine  and  alkHlinity  nn  aiknitra 
cHriKinnte,  eNfej)t  the  small  and  niost  ntulltern  of  The  series,  1  yin^  at 
the  iTtjssnmds  !J  miles  west  of  Tully  tVnter,  whos4*  alkalinitv 
n»gist4*ivd  m,  iK^lweeu  tliree*  £itul  fuur  I  lines  tliHt  of  the  othmv.  On 
tlif  otlH*r  hand,  in  the  second  stories,  liifjand  (treen  lakea,  the  cldurinB 
tdxiiit  donblos  iind  the  alkalinity  iiirtx>as*->s  itJ  five  or  six  times  thAt  of 
tin*  wiustern  cluiin,  Ik*)^^  8t*  and  lU?  for  the  iionh  nml  south  ctuIs  <if 
(ti'een  Lake  and  V2l  for  Big  Lake  at  its  outh't.  This  is  the  mora 
r(*niark»hh:  when  it  is  nMiitMiilK*n'fl  tliat  Ili^  and  (tn*<*n  Inkejs  drala 
into  tht?  Tioiighnioga.  while  the  others  are  williout  sorfaee  oiitli4j% 

Anctlher  fcHtnre  of  inlert^st  i^  that  the  analysis  of  %Taier  from  th« 
stream  vvhitli  drains  tho  shah*  hillside  into  CnK^kt'd  Lake  ^Ihiws  alM^al 
the  i^ame  ddorine  and  alkalinity  as  ( ■rooked  I^ke  itself,  indiealing 
rpjite  elearly  that  S<jn^,  CrotiktHl,  ami  Mnd  lakes  niv  ff<l  t>y  gurfati* 
flow  and  snhsnrfare  seepage  fmiu  the  adjat^'nt  shale  hills  and  Iiavt*  siu 
outward  How  tlinait^h  tho  snri'oniidin*jr  ^ruwls,  whirh  l:i't*^^-  tfuMi 
relatively  soft.  On  the  other  hand,  the  mnch  greater  hardness  of  Big 
and  Cireen  lakes,  in  spite  of  some  surface  drainage  which  they  receive, 
indicates  an  easy  interchange  l)etween  the  waters  of  those  lakes  and 
the  ground  water  or  possibly  an  eastward  seepage  from  Song  and 
Crooked  lakes,  during  which  the  latter  waters  take  up  large  quan- 
tities of  calcium  carbonate  and  sodium  chloride  from  the  glacial 
material. 

The  seepage  waters  forming  the  escarpment  spring  and  streams 
likewise  show  a  high  percentage  of  chlorine  and  alkalinity,  even 
higher  in  some  cases  than  Big  and  Green  lakes,  indicating  a  still 
greater  concentration  of  salts.  Spring  No.  1,  on  the  east  side  of  tlie 
moraine,  had  a  chlorine  content  of  5.2  and  alkalinity  of  89.  It  is 
interesting  to  note  that  this  spring  lies  about  due  north  from  Green 
Lake  and  that  its  waters  analyze  the  same  as  those  of  the  lake. 

Spring  No.  2,  near  the  western  side  of  the  moraine,  showed  an  alka- 
linity of  182,  a  very  high  percentage,  while  the  streams  on  the  western 
and  central  parts  of  the  moraine  showed  alkalinity  of  105  and  160,  re- 
spectively. It  is  notew^orthy  that  the  alkalinity  decreases  as  the 
western  side  of  the  valley  is  approached — where  the  softer  seepage 
waters  from  the  hills  are  more  strongly  felt. 
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Analy»es  of  stream^  lake,  and  spring  water  near  TuUy^  N.  F. 
LAKES  DRAININO  NOBTH;  NO  SUBFACXB  OUTLET. 


Anal- 

Iron. 
Trace. 

Chlo- 
rine.a 

Allra- 
line.b 

sra^u. 

Bemarks. 

12 

2 

22 

0 

Sonth  end  Song  Lake. 

13     Trace. 

2 

17 

0 

North  end  Song  Lake. 

14   

2 

82 

Trace. 

Sonth  end  Crooked  Lake. 

16  1  Trace. 

2.8 

22 

Trace. 

Outlet  (north  end)  Crooked  Lake. 

17  '  Trace. 

2 

30 

Trace. 

Mnd  Lake  ntar  outlet. 

25 

Trace. 

2 

91 

Trace. 

Pond  at  croBsroads  west  of  Tnlly  Center. 

STREAMS  AND  SPRINGS  NEAR  TULLY. 


15 
20 


Trace. 
Trace. 


21 

Trace. 

22 

28 

0 

24 

0 

5.2  1 

I 

4      I 
1.5  i 

4  : 


2.8 


I  I 

23  >  Trace.  I  Stream  from  shale  hill  west  of  Crooked 
I      Lake. 


lai 
160 
182 

160 


Heavy  {  Sprini^  on  eastern  part  of  moraine  north 
trace. 

0 


of 


n  Lake. 


Heavy 
trace. 

Trace. 


Stream  on  western  part  of  moraine. 
Stream  near  center  of  moraine. 
Spring  near  center  of  moraine. 

Head  of  stream  (same  as  No.  22)  near 
center  of  moraine.    Sample  taken  150 
i      yards  north  and  15  feet  below  No.  25. 


LAKES  DRAINING  SOUTH. 


1 

19  1  Trace. 

5. 2 

18  \  Trace. 

0 

U  ,            0 

:{.5 

_ 

89    Heavy     North  end  of  Oreen  Lake. 
'   trace. 

115    Heavy     Outlet  (south  end)  Green  Lake, 
i   tr»ice.  i 

121     Triice.  '  Outlet  (south  end)  Big  Lake. 


•  In  parts  per  million. 

*  Alkaline    carlK>nrtte8    r(Hiiu<Hl    to 
million. 


oqiilvalont    of    calcium    carlmnate.     Parts    per 


SI  MMAIIY. 

The  presence  of  a  hxv^Q  amount  of  iinder^rronnd  water  is  revealed 
near  Tully,  N.  V.,  by  luiineroiis  vigorous  sprin<rs  which  occur  on  a 
northward-facing  ^hirial  escarpment,  just  al)ove  a  heavy  bhie-day 
deposit,  appro.ximately  1,140  feet  alM)ve  tide  and  alxnit  100  feet  l)elow 
the  crest  of  the  morainal  plain.  These  springs  fcnnl  strongly  flow- 
ing brooks  which  unite  to  form  Oncmdaga  Creek.  From  measure- 
ments made  with  current  meter  on  November  7,  1J)04,  the  outflow  of 
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thesi*  RH^page  waters^  wa^  fomid  to  U*  alx^ut  7,4tj  ciiliic  feet  i^er  seoou 
or  Hppruxinmtt^ly  4, 84 T, 000  irallDii:^  in  lM'L»iily-ft>iir  hotira. 

Th4*s«>  \vnt<*rs  \k\h*u  U'j^Unt  wt're  found  to  b*  <>xt*w(liii|]:iy  higli  in 
alkalinity  anti  t-lituiiiit*,  an  was  inilit^attid  l>y  tht*  tarinirivni*!^  of  a 
thick  ImnI  of  cmlmreoujs  tufa  from  8  to  15  imi  lliick  just  above  tiie 
rlay  di'tK^sit.  J 

Other  L>vidence.s  of  like  plxy.sjcal  charadeririticB  <jf  tht*  ^miiiw 
waters  were  aImi  found  in  tlu^  I'ully  laki^  wlih'h  lie  just  i^outh  of  ilu* 
c^Ht^irpmi'ut  tnlg^*  in  a  \v(^ll-(h*v*'lo|H*d  kotth*  moraine.  Ui*re  8oi)|r' 
('nioktnl,  and  MuiI  lakes  which  Ijordt^r  i\w  hills  on  the  wcntt^rii  side 
of  the  valley*  though  Milhout  surface  outlet,  aiv  kept  eoiiiparatively 
Bi)tt  hy  the  snrfa«'e  anil  see[m|re  inflow  of  S4>ft  water  from  the  hilUiiJ^^ 
while  Big  ami  (trt^iMi  la  ken.  whieh  lie  in  the  center  at  th**  valley  well 
stirroniided  with  glacial  njatenah  have  relatively  high  alkalinity 
and  ehlorijii%  tiiangli  they  drain  irjto  the  Tionghuio|ru  Rivt^r  with 
flwift  dis charge. 

The  marked  difterenee  in  character  of  water  in  these  two  mtsi  of 
laki^  stvtns  to  [loint  to  the  tirohnhility  that  sul>!^urfafx>  water  passes 
eastwnrd  from  the  Song  and  CnKilanl  lakei^  ?H^ries,  throngh  the  glacial 
gravels,  and,  rifter  lK*cotiiiug  highly  impregnated  with  ealeiiuii  ejir- 
bouate  and  s^^Mlinm  chloride  by  contact  with  the  glaciateil  material, 
apfmirn  in  the  *nn*terlT — ov  Hig  and  (irwn  hikes — series  greatly 
altered.  The  subsurface  waters  in  this  ivgion  in  generah  from  wlmt- 
ever  source,  take  up  hirgt^  quantities  of  the  salts  found  in  the  glacial 
ilc'ltr  is  and  appear  highly  cinirged  with  tlieiu  in  tlic  various  lakes  and 
springs. 


NOTES  ON  CERTAIN  HOT  SPRINGS  OF  THE  SOUTHERN  UNITED 

STATES. 


By  Walter  Harvey  Weed. 


IXTRODUCTION. 

The  importance  and  economic  value  of  the  natural  hot  waters  of  the 
United  States  as  a  factor  of  our  national  wealth  is  mucli  greater  than 
is  generally  realized.  In  some  instances  the  waters  are  utilized  on  a. 
large  scale  for  heating,  and  in  others  they  are  Iwttled  for  shipment  as 
table  waters  or  are  valuable  as  a  source  of  carbonic-acid  gus.  In  the 
majority  of  cases,  however,  the  money  spent  by  visitors,  either  sick  or 
well,  attracted  solely  because^  of  the  hot  waters,  forms  a  perennial 
source  of  wealth  to  the  local  community.  The  amount  of  money  thus 
annually  expended  is  very  hirge,  far  larger,  indeed,  than  is  generally 
conceived,  but  in  our  own  country  it  is  difficult  to  estimate  closely  the 
amount.  It  has  Ik^cu  stated  in  (lermany  that  the  money  brought  into 
the  country  and  spent  at  Carlsbad  and  the  lessor  spas  exceeds  in 
amount  the  total  value  of  the  mineral  production  of  tlie  Empire.  The 
waters  of  this  country  are  as  varied  and  as  valuable  as  those  of  (ler- 
iiiany  and  when  ac('oni|)anie(l  by  the  diverse*  attractions  seen  at  tlie 
various  springs  of  France  and  Prussia  will  ])rol)ably  be  as  popular, 
though  as  yet  the  ai)i)reciation  of  the  j)leasnre  and  health-giving 
results  accruing  from  a  visit  to  any  of  them  is  not  general. 

(HXl  IMJKXCi:  OF  SPKIX(;S. 

DISTRIBUTION. 

The  distribution  of  hot  springs  in  the  United  States  coincides  very 
cIosi»ly  with  that  of  {\w  luonntain  uplifts.  Thcv  are  found  in  the 
Appalachian  region  of  the  Atlantic  bonier,  but  are  lacking  in  the 
Mississippi  Valley  and  (Jreat  Plains  regions  except  where  the  moun- 
tain uplifts — that  of  the  Ozarks  at  Hot  Springs.  Ark.,  and  the  Black 
Hills  at  Hot  Springs,  S.  Dak. — rise  above  the  general  level.  In  the 
Kocky  Mountains,  (ireat  Basin,  and  Pacific  coast  regions  hot  and  even 
boiling  springs  are  very  common,  especially  in  connection  with  areas 
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of  recent  volcanic  action.    Though  the  Wastoni  Statues  couuiii  gre^ 
numbers  of  thermal  springs,  only  the  most  pmniirn'iit  anen  aiv  gf>ni* 
ally  known,  and  information  about  even  the^'  h  cunrined  to  a  st^U 
iiient  of  the  temperature,  sometimes  acoompanied  by  tm  tttmlv^j?^  ul 
ihe  water,  made  in  a  commercial  laboratory.    Such  ppolo^ie  iKiti^  j 
have  been  made  upon  these  western  springs  will  Ir«  pL\?t^nted  iji 
paper  to  be  published  later. 

GEOLOGIC  RBLATIOKS. 

The  thermal  waters  of  the  Atlantic  border  SioIqe  arc  noiio  of  mm 
of  very  high  temperature,  but  they  are  widely  known  for  Oisb 
medicinal  value,  and  practically  all  of  them  are  utilised  lor  faieaUli 
and  pleasure  resorts.  The  Virginian  springs  are  the  best  kiunni 
and  longest  studied.  According  to  W.  B.  Rogers,  whose  daaaic 
i-esearches  on  Virginia  geology  laid  the  foundation  for  our  prcacnt 
knowledge  of  the  region,  the  springs  are  confined  to  the  Appalaehian 
province,  where  the  warm  waters  usually  outflow  fnmi  the  western 
side  of  long  anticlinal  folds,  especially  the  greater  and  overturned 
arches,  whose  erosion  exi>oses  the  oldest  rocks.  There  is  as  yet  no 
reason  to  doubt  the  explanation  offered  by  this  geologist  that  the 
springs  owe  their  heat  to  the  normal  downward  increase  of  tempwa- 
ture  of  the  earth's  crust,  surfac^c  waters  having  penetrated  to  con- 
siderable depth  and  ascended  long  faults  and  slip  planes  of  the 
foldiKl  strata.  There  is,  however,  a  lamentable  lack  of  exact  data 
r()nr(Miiin<r  iniv  of  the  Appalachian  spriii<rs.  Statements  are  freely 
unxdo  that  thi*  tonipcratiin*  does  not  vary  and  that  the  discharge  is 
constant  from  season  to  season,  hnt  as  no  systematic  records  of 
teinperatnre  or  of  discharp'  appear  to  liave  heen  made,  the  accuracy 
of  snch  statements  may  well  he  (piestioned,  (^specially  as  it  is  well 
known  now  that  in  Knro|)ean  sj)rin<rs  formerly  considered  constant 
marked  chan<rt*s  occnr,  not  only  from  year  to  year,  hut  from  season 
to  season.  The  hi^jjhest  temj)eratnn»  of  any  of  the  waters  of  the 
Appalachian  region  is  that  t)f  the  Hoiler  Sprin<r,  at  the  Hot  Springs 
of  Vir<riida,  which  is  stated  to  be  IOC)  .  More  c(»mnionly  the  springs 
of  this  re<rion  do  not  exceed  IH)  \  At  the  hot  sprin«rs  of  North  Caro- 
lina, sitnated  on  the  western  side  of  the  mountain  region,  the  geologic 
conditions  have  heen  carefully  investigated  by  Keith,"  though  with- 
out refen»nce  to  the  hot  springs.  The  temperatuiv  of  the  water  is 
here  as  high  as  1{)V\  and  the  spring  comes  uj)  along  a  fault  plane, 
affording  a  cpiick  exit  for  waters  which  have  seej)ed  down  through 
perm<»al)le  sandstones  to  considerable  depths,  the  throw  of  the  fault 
ixnng  about  (),000  foot. 


"  Kolth.   Arthur.   I)os(M-lptl<»n  of  Ashcville,   N.  C  district:    (JooIokIc  Alias   U.  8.,  folio 
lir.,  T'.  S.  (Jeol.  Survey.  1JW)4. 
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WARM  SPRINGS  OF  GEORGIA. 

The  only  thermal  waters  of  the  Southern  Atlantic  States  known  to 
exist,  outside  of  the  Appalachian  region,  are  those  of  Warm  Springs, 
Meriwether  County,  Ga.  As  information  on  these  springs  is  scanty, 
and  as  the  location,  favorable  climatic  conditions,  character  of  water, 
etc.,  all  indicate  their  development  into  a  great  winter  resort,  some 
detailed  notes  are  given  herewith. 

Locatioh. — The  Warm  Springs  of  (ieorgia  are  situated  about  85 
miles  south-southwest  of  Atlanta,  along  the  branch  line  of  the  South- 
ern Railroad  running  from  that  city  to  Columbus.  The  place  is  in 
the  Piedmont  Plain,  whose  gently  undulatory  surface  runs  eastward 
to  the  coast  and  southward  to  the  lowlands  of  Florida.  A  long,  low, 
wooded  ridge,  called  Pine  Mountain,  rises  above  the  plateau  and 
forms  the  most  conspicuous  feature  of  this  part  of  the  Statt\  As  the 
region  is  unmapped  the  extent  and  relaticms  of  this  ridge,  said  to 
be  nearly  70  miles  long,  are  as  yet  undetermined. 

Geolotpj. — The  hot  waters  issue  from  the  nortli  base  of  a  spur  of 
Pine  Mountain.  The  region  surrounding  Pine  Mountain  is  under- 
lain by  micaceous  schists  with  a  general  northeast-southwest  foliation 
and  steep  dip.  A  few  miles  north  of  the  springs  these  rocks  are  cut 
by  an  intrusive  mass  of  granite,  a  pnmg  of  the  great  granite  mass  of 
central  (leorgia."  The  schists  are  deeply  weathered  and  mantled  by 
red  clays,  but  stn^am  coursi»s  and  railway  and  road  cuttings  afford 
exposures  sliowing  the  nature  and  structure  of  these  earlier  rocks. 

Pinci  Mountain  is  formed  of  sandstones  and  sandy  shales.  The 
snnnnit  is  strewn  with  blocks  of  gray  sandstone:  the  gulches  show 
alternating  beds  of  laminated  sandstonc^s  and  shales,  often  friable  and 
l(M)sely  cemented.  The  general  strike  of  lhes(»  beds  is  with  the  ridge 
or  mountain  and  the  curving  strike  and  steep  dips  near  the  springs 
(28  )  show  an  anticlinal  folding,  the  hot  waters  issuing  from  along 
a  fracture*  at  the  base  of  ;in  otl'shoot  or  sj)ur  of  the  main  mountain 
mass.  This  fracture  line  coincide^  with  a  ImmI  of  well-indurated 
rjuartzite,  and  its  coui'se  i>  marked  by  several  small  outflows  of  warm 
water  besides  the  great  springs  supplying  the  bathing  eMablishmiMit. 
That  faulting  occurs  is  >h()wn  by  the  j)olished  and  striated  surfac(»s 
on  the  (juart/ite  ledges  along  the  base  of  the  slope,  and  it  is  not(»- 
worthy  that  the.-e  featuies  are  l(»>s  niai-ke<|  and  disappear  a  short  dis- 
tance* away  from  the  springs.  This  cpiartzite  is  undcM'lain  by  more 
friabh'  IhmIs  ex])o>e(l  along  the  roadside  to  the  hotel  and  covered  by 
similar  rocks  >een  lo  i1h»  east. 

The  structural  conditions  indicate  an  ascent  of  the  head  water  along 
an  open  channel  in  a  great  fi-acture.     There  is  no  doubt  that  if  oi-di- 

"  Watson.  T.  I,.,  drniilt*'  and  ;,'ranllo  jiiirissos  «)f  (JtMH'jrIa :  lUiII.  1>  A.  (ieol,  Surv»»y 
Ciforglft.   r.M>4. 
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nary  ground  waters  penetrate  alowly  to  a  sniUetetit  ileptb  they  mW 
be  heated  by  the  normal  inoreaae  in  temiMrahm^  of  the  eartfi,  a  f«K^ 
ture  encountered  in  all  mining  operaticHia  With  ^ufficiant  head  anil 
an  open  conduit,  permitting  rapid  ascent,  they  will  rise  to  th^stir^ 
face  and  issue  as  hot  springs.  The  Georgia  spring;^  thcpcfap^pti'' 
sent  no  unusual  features,  save  their  oocuxranoe  outside  of  the  nn^  nf 
Appalachian  folding  and  their  remotemn  from  reoent  igneci$i$  in- 
trusions. Assuming  a  mean  temperature  of  60^  F.  at  the  looali|^,  and 
a  heat  increment  of  1^  F.  for  each  60  feet  of  depth,  the 
indicates  an  ascent  from  a  depth  of  about  1,600  h^  below  tbe 
surface,  a  very  moderate  depth. 

Composition. — An  examination  of  the  hot 
ber  1,  1901,  showed  a  temperature  of  87''  F.  and  a  Caint^y  ilkiBBB 
reaction.  Sulphuretted  hydrogen  was  tested  for  tmt  not  foond 
There  was  not  enough  carbon  dioxide  present  to  be  notioeabiey  OmA 
water  being  limpid  and  tasteless,  but  not  flat 

No  analysis  has  been  made  of  the  water  by  the  Survey,  tmt  in  die 
following  table  the  result  of  an  analysis  made  for  and  puUidied  1^ 
the  owner  is  compared  with  an  analysis  of  the  water  of  Hot  Sprini^ 
Ark.  As  will  be  seen  the  waters  are  almost  identical,  but  the  Arkan- 
sas water  is  hotter  (temperature  146^  F.)  and  deponts  earfaonate  of 
lime  about  the  outlet ;  the  Warm  Springs  water  fdrms  no  deposit  and 
no  old  hot-spring  deposits  occur. 

Analyses  of  tcaters  of  the  Wartn  Springs  of  Georgia  and  Hoi  Springt  of 

Arktwsas. 
[rtmiiiH  iM»r  Unittnl  St^itoa  {cnllon.] 


Solids,  (UsHolvod. 


Carbonate  of  lime 

Carbonate  of  magnesia 

Carbonate  of  iron 

Sulphate  of  lime 

Sulphate  of  soda 

Sulphate  of  iwtash    

Chloride  of  sodium 

Alumina 

Silica - 

Organic  matter  and  combined  water. 

Io<line 

Bromide 


II. 


Total  solids  dissolved 


6.099 

7.14 

.097 

l.OS 

.087 

.06 

.553 

.S62 

.42 

.246 

.19 

.011 

.24 

.462 

Trace. 

1.410 

2.59 

.865 

Trace. 

Trace. 

Trace. 

Trace. 

12.512 

11.74 

Analysis  I.— Water  of  Warm  Springs,  (lt>or8ria,  analyzed  by  H.  i\  White.  Stato  chemist. 
Analysis  II.— Water  of  Old  Hale  Spring,  Hot  Springs  of  Arkansas.  Statu  Geological  Surrey. 
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Discharge. — The  discharge  of  the  Warm  Springs  has  been  accu- 
rately determined  by  the  engineers  of  the  United  States  Geological 
Survey  and  found  to  bt»  1,802  gallons  per  minute. 

HOT  SPRINGS  OF  ARKANSAS. 

REGION    OF   THE    HOT   SPRINGS. 

CHAHACTER   AM)    IX)CATION. 

The  most  famous  and  most  frequented  health  resort  of  the  United 
States  is  probably  Hot  Springs,  Ark.,  a  city  of  alKuit  12,000  perma- 
nent inhabitants  that  has  grown  up  alxnit  the  hot  springs  of  the  place, 
and  exists  wliolly  upon  the  money  spent  by  the  visitors  to  these 
springs.  Originally  a  resort  only  for  the  sick  and  suffering,  it  has 
grown  to  l>e  a  great  pleasure  resort,  and  is  practically  the  only  one  of 
the  American  resorts  that  is  comparable  with  the  great  European 
spas  in  the  attractions  and  diversions  offered  to  visitors.  The  hot 
springs  themselves  and  tlie  mountains  near  by  are  the  property  of 
the  United  States  (lovernment,  a  fact  not,  perhaps,  generally  known. 
As  a  result  the  hot  waters  are  carefully  guarded  against  pollution, 
and  e<|uitably  distributed  to  bath  houses,  whose  luxurious  appoint- 
ments exceed  those  to  be  found  anywhere  else  ih  the  United  States. 

The  Hot  Springs  of  Arkansas  are  situated  in  the  geographic  center 
of  the  State,  50  miles  distant  from  Little  Rock,  and  about  75  miles 
east  of  the  Indian  Territory  line.  The  locality  is  accessible  by  the 
Iron  Mountain  Railway  and  the  Choctaw  route,  both  of  which  run 
through  cars  from  the  lar^re  cities  of  th(»  country.  Th(»  location  is 
r.OO  feet  above  sea  level  and  lies  at  the  easterly  base  of  the  mountain 
complex  known  as  the  *'  Ouachita  Range,"  the  near-by  peaks  of  which 
are  often  called  tlu*  **  Ozark  Range,"  although  that  name  really 
applies  to  the  mountains  in  the  northern  ])art  of  Arkansas  and  the 
southern  part  of  Missouri. 

HLSTOUY   AM)    M  A.N  A(;KNf  KNT   OV    HOT   K1'RIN(JS    RKCION. 

The  Arkansas  Hot  Springs  have  been  known  since  the  early  settle- 
ment of  Louisiana.  Although  it  is  only  a  legend  that  they  were  vis- 
ited by  l)e  Soto  on  his  trip  to  tiie  Mississippi,  there  is  no  doubt  that 
they  were  used  by  ihc  Indians  before  the  advent  of  Columbus,  as 
abundant  evidence  was  found  in  early  days  that  the  Indians  quar- 
ried the  dense  rocks  neai*  the  springs  for  arrowheads  and  spearheads 
and  utilized  the  waters  foi-  bathing. 

In  1804  two  members  of  the  Lewis  and  Clark  exploring  expedition 
\isited  the  place  and  found  that  white  visitors  had  already  used  the 
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waters  lor  h»itluii^.     In  1818  th«  lnn«l^  on  wliidt  the  sprui|^  anl| 
lOGtted   WtT*'    ecdcf]    to    tlit'    (iiHif*nil    itoviTtinient    by    thi"    Quafiaw 
Il^Uans  aitil  iMHJimo  iiftvnvnnis  n  part  of  tlu'  Territnrv  of  Arkaunir^ 
H^grouilil  ^tlMiut  thr  >pntigH  wa>  liMiittid  liy  varioiiH  cliiiiiiaint^^  iiefim' 
theorgankatitm  of  tlip  Territory  of  ArkaiiHWi^,  but  liy  act  i>f  Oni^rn^ 
the  springs  aiul  tin*  ^nnnu!  hImmiI  \\un\\  w**tv  ivs4*r\Til  in  IHM  fwrUi 
ITnited  Sttiti^n  (Tttvi-rmntnit,  thn^  iiiiikiitg  tin*  liii^t  niitioiiaI-|iiirk  n 
ervation  in  iho  roinilry*    Owiaif  I0  the  rlaitu^s  ixmde  by  varion*  fm; 
ties  to  a  privnto  owuriNhip  of  the  ^prinij^,  tht*y  rHimiriecI  in  tht^  iKfc 
session  of  tlu*  oliunuuits  until   the   l-uittHl  State?i.Su[>n*inc  0»iin 
decided  in  fnvor  nf  tlH>  (invcnmitnit  in  1877, 

Under  arts  of  (^in^renn  the  monntainn  adjac(»nt  to  th<'  sprinpi  m 
permanently  resorviMl  fm-  parks,  tlie  hot  wntcrn  iiix*  i>!|>ed  to  varioi 
bath  housf*?i,  Jiiid  tho  supply  h  nnth^r  the  <^ontrol  of  a  8U]M^riritenili'i 
of  the  Hot  Sprinp^  lieservatioiK  appointed  hy  the  Secret miv  cif  liif 
Interior.  Tfu^  ro^uhuions  \m\\  prescMilx*d  hy  that  Depaiinient  pn* 
vide  for  a  n  ntal  af  land  lined  by  vnriou!^  individuak  mid  fur  ihv  pufs 
inent  of  $i*n  pi^r  year  for  racli  fiih  u^h\  l»y  hnthini^  <*sTMbli»^bnient8. 
The  income*  is  U!^*(l  for  the  paynu^nt  t^f  adiiunistrative  exp<*iisit*f,  far 
the  maintenance  of  a  frtHi  bath  hoimt,  for  buildini^  rtmd^  and  pat 
ways  on  tlu'  nuMintains  back  of  the  sprini^  ai^d  tlie  adjacent  nitniif 
tains,  and  fr*r  *^anlenin«j.  The  rwvipl&i  aniiMint  tu  ntnuit  $LS,tK'K*  j 
year.  The  ^nperinteiulont  im  charp*d,  nntler  snperviKioti  of  the  S 
retary  of  the  Interior,  with  the  eare  of  the  entiix^  reservation  as  welt 
as  its  protrc'liiio  and  inipro\cnienl,  Tt  is  lheref(trc  j>t>1ie*(*d  nnd 
improved  by  the  Department.  The  results  achieved  by  this  wise  sys- 
tem speak  for  themselves  in  the  beautiful  driveways,  picturesque 
walks,  and  fine  flower  beds,  whieli  add  their  charm  to  the  natural 
beauty  of  the  place. 
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TOrCKiRAPHY    OF    HOT    SPRINGS    REGION. 


Central  Arkansas  consists  of  a  low-lyin^,  nearly  level  eastern  por- 
tion and  a  hilly  or  mountainous  western  region.  The  first  region 
extends  from  Mississippi  Kiver  westward  to  Little  Rock,  Benton, 
and  Malvern.  The  hilly  country  of  the  Ouachita  Mountain  system 
begins  just  west  of  the  Iron  Mountain  Railway,  where  it  has  a  width 
of  80  miles,  and  extends  westward,  gradually  narrowing  as  it 
approaches  Indian  Territory.  The  eastern  level  country  is  part  of 
the  Tertiary  Mississippi  Valley  region.  The  western  hilly  country 
consists  of  a  central  complex  of  hills,  flanked  by  sharp  spurs  and 
ridges,  which  extend  outward  into  a  much  lower  country  of  slight 
relief.  This  hilly  country  is  dignified  by  the  name  of  the  ''  Ouachita 
Mountain  system,"  the  ridges  rising  gradually  in  elevation  westward. 


WBKD.]  HOT  SPBINGS  OF  SOUTHEBN  UNITED  STATES.  191 

Near  the  Indian  Territory  line  the  general  level  of  the  intermontane 
plain  is  1,000  feet  above  tide  and  the  crests  of  some  of  the  ridges 
attain  elevations  above  2,500  feet.  Near  Hot  Springs  the  mountain 
area  seldom  attains  an  elevation  of  more  than  1,200  feet  above  the  sea, 
or  600  feet  above  the  surrounding  country ;  yet,  when  seen  from  the 
lower  country  about  it,  the  hills  rise  so  abruptly  that  they  appear  to 
deserve  their  designation.  The  mountains  near  the  Hot  Springs  are 
pairticularly  impressive,  and  the  local  summits  have  received  special 
designations,  as  "  West  Mountain,"  "  Indian  Mountain,"  etc.  These 
mountains  have  been  grouped  together  by  some  writers  under  the 
name  of  the  "Ozark  system,"  but  they  have  been  more  fittingly 
christened  the  "  Zigzag  "  Range  by  Professor  Branner,  of  the  Arkan- 
sas Geological  Survey.  This  range  has  an  extreme  length  of  25  miles 
and  a  width  of  (>  to  8  miles.  The  general  trend  of  the  ridges  is 
almost  at  right  angles  to  the  system.  These  ridges  are  narrow  and 
sharp,  with  a  height  of  500  to  600  feet,  and  they  are  particularly 
numerous  in  the  vicinity  of  the  Hot  Springs. 

The  Hot  Springs  are  situated  in  a  valley  between  two  wooded, 
i-ocky  ridges  known  as  "  West  Mountain  "  and  "  Hot  Springs  Moun- 
tain." The  water  issues  from  vents  in  the  old,  gray,  hot-spring 
deposit,  or  tufa,  that  covers  the  basal  slopes  of  Hot  Springs  Moun- 
tain east  of  Hot  Springs  Creek.  This  location  is  on  the  outer 
border  of  the  mountain  system.  To  the  east  the  country  falls  away 
gently  to  Ouachita  River,  and  the  city  of  Hot  Springs  has  been  built 
partly  in  the  ravine  and  the  intermontane  basin  to  the  north  and 
partly  in  the  eroded  plateau  lying  south  of  the  springs  and  outside  of 
the  mountain  an»a.  The  mountain  slopes  are  rocky,  and  are  often 
ribl>ed  with  abrupt  cliffs  and  rugge<l  ledges  with  extensive  slopes  of 
talus.  They  are  generally  thickly  mantled  with  a  heavy  forest 
growth  of  oak,  i)ine,  chest mit,  and  other  conunon  forest  trws,  and 
they  support  a  more  or  less  abundant  undergrow.tli.  The  ravines 
{ire  generally  naiTow  and  the  stn^anis  swift  running,  but  good 
exposuivs  of  the  un(lerlyin<r  rocks  are  seldom  seen,  owing  to  the 
thick  forests  that  cover  the  slopes.  There  is  an  evident  relation 
Iwtween  the  hard  rocks  and  the  hills  and  l>etween  the  softer  rocks 
and  the  valleys,  althou^rh  the  streams  do  not  accord  with  any 
definite  geoIo<!:ic  structuiv,  hut  How  in  syndines,  in  eroded  anticlines, 
and  across  the  strik**  of  the  beds  as  well.  Several  gaps  indicate  old 
and  now  abandoned  stream  courses  and  show  a  prolonged  i>eriod  of 
adjustment,  in  which  tlie  streams  shifted  s(»veral  times  Iwfore  reach- 
ing their  prestMit  position.  Altliough  the  springs  are  on  the  borders 
of  these  mountains,  this  location  is  not  wholly  outside  of  the  moun- 
tain area,  since  the  Trapp  Mountain  Range  lies  south  of  Ouachita 
River,  so  that  the  springs  are  on  the  north  side  of  a  synclinal  basin 
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that  foriEi;  an  t^nilmytiicnt  Iict  w<^ti  tho  mnin  OuiicltitA  srsteni  atuJ  m 
gmatl  rnisl-west  i^jmr  un  thi^  s<nith.  Tlie  region  is  wi*|I  wiitere*!  audi 
well   <tniiii«HL    In   Urn  jmtia'diati*   vicinity   of   Hot   SpringK,   Hoi 
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Fi<5.  40. — Geologic  map  of  Hot  Springs,  Ark.,  nnd  vicinity. 

Springs  Creek  and  Gulpha  Creek,  both  of  which  flow  into  Ouachita 
River,  drain  the  entire  region,  the  former  stream  flowing  due  south 
and  reaching  the  river  4  miles  below  the  city. 


WBBD.]  HOT   SPRINGS   OF   SOUTHERN   UNITED   STATES.  198 

The  lower  country  near  the  springs,  upon  which  a  considerable 
part  of  the  city  is  built,  is  a  dissected  plain  in  which  broad  plateau 
levels  alternate  with  shallow  drainage  courses  that  are  tributary  to 
Hot  Springs  Creek. 

The  climate  of  the  region  is  a  mild  one,  lacking  both  the  extreme 
heat  of  summer  and  the  cold  of  winter.  In  the  summer  months  the 
air  is  tempered  by  the  breezes  from  the  mountains,  and  in  winter 
the  average  temperature  is  very  slightly  lx»low  that  which  prevails 
at  New  Orleans  and  other  southern  cities.  Flowers  and  shrubs  of 
semitropical  character  grow  in  the  open  air,  but  the  occasional  frosts 
of  winter  are  so  shar[)  that  a  strictly  semitropical  vegetation  will  not 
exist. 

OEOLOOY   OF   HOT    SPRINGS   REGION. 

Character. — The  rocks  seen  about  Hot  Springs  are  chiefly  of  sedi- 
mentary origin  and  were  formed  beneath  the  waters  of  a  Paleozoic 
•sea.  They  occur  in  well-defined  formations,  which  were  folded  when 
the  mountains  of  the  region  Avere  formed  by  the  compressive  stresses 
of  earth  movements,  and  subsiquently  eroded  by  ordinary  atmos- 
pheric agencie^s.  Thes(»  rocks  are  cut  by  a  few  narrow,  insignificant 
dikes  of  igneous  rock,  which  are  supposedly  connected  with  the  large 
masses  of  granite  and  other  igneous  rocks  now  seen  at  Magnet  Cove 
and  Potash  Sulphur  Springs.  In  addition  to  the  rocks  mentioned 
there  is  a  considerable  area  of  dark-gray  and  porous  travertine,  or 
calcareous  tufa,  formed  by  the  Hot  Springs. 

The  sedimentary  rocks  seen  in  the  vicinity  of  the  Hot  Springs  con- 
sist of  shales,  sandstones,  a  few  beds  of  impure  limestone,  and  the 
rock  called  novaculite.  This  last-named  rock,  of  which  the  well- 
known  Arkansas  whetstones  are  made,  is  the  most  conspicuous  and 
important  rock  in  the  locality.  It  is  the  typical  rock  of  central 
xVrkansas,  and,  though  found  over  a  large  area,  the  material  pure 
enough  to  be  used  for  whetstones  is  confined  to  the  vicinity  of  the 
Hot  Springs.  It  is  this  rock  that  has,  by  reason  of  its  hardness  and 
its  resistance  to  erosion,  made  the  mountains  about  the  springs,  and 
it  forms  the  cliffs  and  prominent  ledges  seen  in  the  district.  The 
l)edded  rocks  form  a  si^ries,  shown  in  the  following  table,  in  which 
the  youngest  IkhIs  are  placed  at  the  top  of  the  column  and  the  oldest 
strata  at  the  bottom. 
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.S7/w/r////7.--N('ar  Hot  Si)rin«j:s  the  rocks  have  been  compressed 
into  ^ivat  foMs  which  lum  form  the  luoimtains,  and  this  compres- 
sion is  so  orivat  that  th(*  fohls  have  l)(H»n  overturned,  and  in  the  gorge 
of  Hot  Sprin<rs  Ocek  thi^  strtion  now  ex|)osed  shows  the  younger 
beds  rt'stinir  luMicalh  the  ohlcr  ones.  In  aihlition  to  this  there  has 
Ihmmi  soni(»  fanhin<r  in  Indian  Mountain,  bv  which  an  overthrust  has 
pushinl  up  the  ohlcr  beds  over  youn<rcr  ones.  For  this  reason  the 
s<H»tion  (li^.  41)  is  not  always  easily  made  out,  but  it  can  be 
seen  iii  the  slopes  of  West  Mountain,  although,  as  will  be  noted 
there,  the  younger  beds  li<»  below  the  older  and  the  rocks  have  a  dip 
of  from  1^5"  to  70". 

Fig.  4*2  shows  a  cross  section  through  the  low  southern  end  of 
I  Tot  Springs  Mountain  and  uj)  tlie  valley  along  Main  strei^t.  The 
rocks  are  well  expos(Ml  along  the  line  of  this  section,  especially  in  the 
quarries  and  cliffs  where  the  street  excavations  expose  the  rocks  fonn- 
ing  the  steep,  narrow  mountain  ridges. 

The  succession  of  l)eds  exposed  at  this  place  has  a  steep  dip  north- 
ward, the  inclination  varying  from  '2^)''  at  the  south  end  to  45 ^^  at 
the  north  end;  all  the  beds  aiv  overthrown,  the  oldest  being  on  top, 
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lis  seen  in  the  cliffs.  The  iiovaculites  are  the  most  conspictious  rocks; 
their  creamy-white  color,  dense,  even  grain,  remarkable  hardness,  and 
thin  bedding  are  well  seen  in  the  beds  of  the  section.  The  under- 
lying graptolitic  shales  are  also  exposed,  but  the  intervening  shaly 
beds  are  hidden.     The  upper  bed  of  novaculite  passes  upward  into  a 


NW. 


Fill.  41. — (leolo^lc  section  near  Hot  Springs.  Ark.  .1,  Overlying  sandstone;  B,  novacu- 
lites  of  Indian  Mountain  ;  C,  fault  line ;  />.  faulted  novaculltes  of  Indian  Mountain ; 
K,  iO'aptollte  shales ;  F,  novaculltes  of  North  Mountain ;  O,  brown  and  i*ed  shales. 

Ijed  of  breccia  12  feet  thick,  which  adjoins  the  beds  of  younger 
massive  and  coarse  sandstohe,  aggi'egating  about  200  feet  in  thickness. 
These  are  the  rocks  ^en  about  the  hot-springs  vents.  They  grade 
into  softer  argillaceous  sandstones,  which,  in  turn,  pass  into  vari- 
colored soft  shales  usually  having  bright  reddish  or  yellow  tints, 
often  graphitic. 
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Fni.  41!.-  ;«H>IoKlf  scftlon  tlirouch  end  of  Hot  Sprlni^fa  Mountain  and  tlie  city  of  Hot 
Sprinp4.  Ark.  StriKture  shown  l)y  novaculite  (whetatonei  IhmIh  and  sandstones  al>ove 
them. 

The  Carboniferous  shales,  which  are  the  youngest  rocks  of  the  dis- 
lri(;t,  are  well  (exposed  on  Malvern  avenue  near  the  Park  Hotel,  where 
olive-colored  sandy  slialos  have  Ihhmi  found  to  contain  plant  stems 
and  fragments  of  fern  fronds.  The  shales  are  rarely  indurated 
enough  to  form  slates,  though  a  few  quarries  have  Imhmi  opened  in 
them  and  slate  of  a  poor  (piality  extracted.  AAliere  the  shales  are 
slightly  altered  they  are  sometimes  valuable  for  brick  and  terra- 
cotta burning,  though  most  of  the  clay  used  for  that  purpose  is 
derived  from  th<'  disintegrated  material  washed  into  the  creek  bot- 
toms. 
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The  sandstones  are  of  variable  tenure  and  compos^itium    Thfl 
coarser-grained  rocks  are  nearly  put'r  qunitxi)^^  satid,  but  tlui  iiiler 
mediate  beds  are  quite  clayey.    Tht«  diief  i^anrlHtoiii^  Imrizon  •i^ti 
at  the  springs  is  the  one  lying  just  alx»v«>  tho  iiavatmliti^^  uriil  thii^ 
rock  is  the  one  which  is  so  prominent  on  Hot  Springs  Mountain 
West  Mountain. 

The  novaculites  are  the  most  interp^ttng  rockti  of  tho  n^ion.  Th 
consist  of  nearly  pure  silica,  containing;  k*sH  tliua  atte-half  i>f 
cent  of  other  mateciaL  The  rock  ih  very  doiiM*.  homo^nieous.  n 
cream  or  white  color,  and  fine  graint*4l,  iv>i«.niihlin^  in  aj>[M*Hi-iirH^  ttie 
finest  Carrara  marble.  These  rocks  are  tiiiPil  for  wht'tHtarii'^,  the  6m 
grained  form  being  called  Arkansas  sUmv  ntul  tlie  eimn^r  cp^uinf 
rock  the  Ouachita  stone.  This  matertEl  han  a  iiuirk^nl  cuuelHii^l 
fracture  and  resembles  chert  in  itK  gt![icrul  aj)pearane<%  jilthuiigh, 
as  will  be  shown  later,  this  appeanin<T  in  i>iirt>ly  a  ?^ujK"rficial  oiii 
and  the  material  differs  markedly  hxnn  clu^rt  jii  it^^  origiji  and  c^citu 
position.  Although  brittle  and  lacking  tba  toughneKs  of  cherts 
was  extensively  used  by  the  Indian^;,  wku  ^^uaii^^^  ii  b(}^^MAAl«ki^ 
fires  ui>on  the  outcrops  until  the  stones  were  heated  aad  then  queodied 
the  fire  with  waten  thus  chilling  the  rock  and  cauabg  it  to  qdit  and 
spall  into  fragments  which  were  easily  removed.  In  thia  ocmditiob 
it  was  readily  chipped  by  the  use  of  round  stone'  hammersy  gieat 
quantities  of  which  have  been  found  by  the  early  wttlerB  and  some 
of  which  have  been  seen  by  the  writer  at  some  of  the  more  remote 
quarrie^s.  The  rock  is  finely  jointed,  and  in  quarry  faces  this  joint- 
ing is  more  conspicuous  than  the  iKMldin^r  planes.  These  phenomena 
may  l)c  wi^ll  observed  in  ahnost  any  of  the  excavations  along  ]V[ain 
street,  al)ov(»  the  (lOvernnuMit  resi^rvation.  The  finer-grained  mate- 
rial seldom  forms  ^ood  outcrops,  because*  of  this  jointing  and  also 
because*  the  rock  contains  a  small  amount  of  water,  which,  when 
frozen  during  the  frosts  of  winter,  shatters  the  stone  and  covers  the 
outcrop  with  fine  <lebris.  This  debris  is  extensively  used  as  a  road 
nniterial,  and  wherever  applied  forins  a  most  excellent  surface. 

The  novaculitc  formation  is  from  500  to  000  feet  in  thickness: 
this  measurement  including  some  flinty  shales,  some  soft  shales,  and 
some  sandstones.  The  novaculit<»s  j)roper  are  prominent  members 
of  the  formation,  occurring  in  l)eds  from  a  few  inche^s  up  to  12  or 
15  feet  thick.  When  these  beds  are  less  than  4  inches  thick  the  rocks 
lose  the  novaculite  character,  and  are  more  like  flinty  shales.  When 
examined  under  the  microsi»oi>e  the  rock  is  found  to  present  a  very 
uniform  appearance,  and  to  consist  of  extremely  minute  interlocking 
grains  of  crvptocrystalline  silica,  (^hemical  tests  show  that  this 
silica  is  quartz  and  not  amorphous  silica.  Thin  sections  also  dis- 
close the  presence  of  numerous  cavities  in  the  rock  cpiarried  for  whet- 
stones.    These  cavities  have  been  found  to  present  a  rhomboidal 
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outline,  and  to  correspond  in  form  and  position  to  included  patches 
of  calcite  found  in  the  same  rock  where  the  bed  passes  beneath  the 
creek  levels.  It  has  been  aasumed  that  these  cavities  are  formed 
by  the  dissolution  and  removal  of  the  calcite,  and  as  the  material 
from  l)eneath  the  water  level  is  of  slight  value  as  a  whetstone  it  has 
been  reasoned  that  the  abrasive  qualities  of  the  Arkansas  stone  are 
due  to  the  presence  of  these  calcite  cavities.  The  origin  of  the  rock 
has  been  the  subject  of  considerable  speculation  from  the  earliest 
times  to  the  present.  It  has  been  commonly  asserted  that  it  is  a 
very  fine-gi'ained  sandstone,  which  has  been  indurated  and  altered 
by  hot-spring  action.  This  explanation  is  not  adequate,  however, 
since  the  same  beds  are  exposed  on  the  flanks  of  the  Ouachita  Moun- 
tain system  for  a  total  length  of  several  hundred  miles.  Moreover, 
the  character  of  the  grains  does  not  permit  the  assumption  that  they 
were  originally  rounded  and  that  the  spaces  between  have  been  filled 
by  secondary  deposition  of  silica,  as  is  commonly  the  case  with  many 
quartzites.  The  writer's  belief  is  that  the  evidence  supports  the 
opinion  that  the  rocks  were  formed  as  a  chemical  precipitate  in  the 
*deep  seas  of  a  Silurian  ocean,  and  that  comparatively  little  altera- 
tion beyond  induration  has  taken  place.  Such  a  theory  seems  to 
accord  very  well  with  the  chemical  and  physical  nature  of  the  rock 
and  with  the  facts  now  known  in  regard  to  the  origin  of  some  of  the 
early  geologic  sediments. 

Igneous  rocks, — Besides  the  sedimentary  rocks  just  noted,  there  are 
four  narrow  dikes  of  igneous  rock  about  one-half  mile  south  of  the 
mountain  borders  and  near  the  city  limits.  These  rocks  are  dark-col- 
ored mica  traps,  a  form  of  rock  called  ''  ouchatite/'  They  are  chiefly 
interesting  because*  thev  show  that  there  was  some  deep-seated  lx)dy  of 
molten  material  from  which  the  dik(»  fissures  were  supplied.  Small 
dikes  are  found  north  of  the  city,  east  of  the  city,  and  in  considerable 
abundance  about  Potash  Sulphur  Springs  and  at  Magnet  Cove. 
These*  dikes  have  a  <!:enerally  east-southeast-west-northwest  direction, 
showing  that  the  fissures  are  parallel  to  the  mountain  sides.  They 
are  from  1  to  4  feet  wide  and  are  generally  much  altered,  so  that  the 
outcrop  is  inconspicuous  or  is  covered  by  vegetation.  When  the  rock 
IS  broken  black  mica  in  small  flakes  is  the*  only  mineral  seen. 

Fossils. — The  age  of  the  sedimentary  rocks  is  determined  by  the 
fossil  remains  found  in  them.  The  black  shales  which  underlie  the 
jiovacHilites  contain  remains  of  a  curious  hydrozoa.  These  fossil  re- 
nuiins  are  known  as  graptolites,  and  the  forms  identified  at  Hot 
Springs  l)elong  to  th(»  upper  part  of  the  lower  Silurian  age  (Trenton 
and  ITtica).  New  types  of  tliese  fossils  peculiar  to  Hot  Springs  are 
illustrated  in  the  novacniite  rei)ort  issued  by  the  Arkansas  (Jeological 
Survey.  Besides  thes^*  curious  forms,  a  few  shell  remains  (brachio- 
pods  and  lamellibranchs),  corals,  and  worm  trails  have  been  found. 
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Tho  fn*nptolites  oiicwv  on  the  north  side  of  the  hill  on  a  small  stream 
(Irainapo  on  the  \v(»st  side  of  the  continuation  of  Park  avenue.  They 
:iiv  also  s(4»n  in  a  very  black  sliah*  forming  the  bluff  on  the  west  side 
of  Park  av«»iinc  alH)ve  Hotel  Hay  and  below  the  Barnes  House. 
Similar  fossils  also  (K*cur  on  Whitinpt<m  avenue,  one-fourth  of  a  mile 
above  the  head  of  Central  avenue,  at  a  point  where  the  street  crosses 
th«»  creek. 

Plant  remains  of  lower  Carl)oniferous  age  have  been  found  in  the 
shales  (»xpos<Ml  in  the  excavation  for  a  cellar  on  the  western  side  of 
Malv(»rn  avenue,  1(K)  feet  north  of  the  Park  Hotel.  The  shales  are 
vari<*olor(H].  brown,  hmI,  «ri*ay,  and  black,  but  the  fossils  occur  in  the 
olive-colored  sjuidy  shales.  Similar  fossils  were  also  found  in  Oua- 
chita avenue  at  Hot  Springs. 

AVATKRS  OF  TIIK    HOT  SPRINGS. 
<K'ri'RKEN('K. 

The  hot  wntei-s  issue  from  the  bast*  and  lower  portion  of  the  slopes 
east  of  the  valley.  This  area  is  a  narrow  strip,  a  few  hundred  feet 
wide  and  one-fourth  mile  long.  In  its  gtMieral  aspect  this  area  is  dis- 
.tinguished  from  the  n»st  of  the*  mountain  by  its  patches  of  baiTen  gray 
tufa,  the  old  hot-s|)ring  deposit,  and  the  absiMiw  of  forest  growth. 
From  the  ch^scriptions  given  by  earlier  writers  it  is  evident  that  this 
(liil'erence  in  app(»araiice  and  veg(»tation  was  formerly  very  marked. 
To-day  tln»  springs  are  all  covered,  and  mostly  ccmcealed  lx*neath 
turf  :ui(l  slinil»l)ery.  Tlie  old  tiifji  <lep()sit  is  in  large  ])art  covered 
by  ><)il  Mini  pjjiiil-^.  TIk'  cwiAs  is  jinhrd  over  and  sidewalks  and 
i-ojMhv:i\s  ai'e  luiill  (Hi  it.  The  ^pMce  belween  creek  and  hillside  is 
covcrcl  by  the  l>:ithing  c>(ab!i>hniciii>.  which,  in  many  instances,  are 
Imih  directly  o\cr  large  -priijg>.  The  hunNcape  gardener  has  modi- 
lied  the  old  sl()pe>,  lilled  up  the  gullies,  and  built  roa<ls  and  foot- 
path- until  tlu*  h(>(->pring  area  i>  a  beautiful  park  and  a  fitting  starting 
f(»r  the  springs. 

It  i>  diflicult  for  the  aM'i-age  visitor  of  to-day  to  form  an  idea  of 
(he  natui'al  a])])carance  of  the  >prings.  The  larger  sjuMngs  formerly 
issued  al)!Mi])tly  from  the  tufa  slopes  and  did  not  ])o^sess  the  bowls 
and  l)a>ins  seen  at  the  Mammoth  Hot  Springs  of  the  Yellowstone. 
An  artilicial  cutting  made  into  the  mound  of  the  Cav(»  Spring  sliow^ 
a  section  (d'  the  h(U -spring  deposit,  and  if  tin*  tloor  be  oj)en«Ml  the 
\vater>  will  be  seen  llowing  into  the  basin  cut  to  collect  them,  and 
depositing  civamy  alabaMer-like  tufa  and  the  bi'illiaiit  emerahl- 
gi-eeii  tufa  whose  color  is  due  to  the  growth  of  hot- water  algje. 
Many  of  the  smaller  springs  are  mer(»  oozes,  with  no  well-di»tined 
channel.  A  consideral>le  number  of  thes(»  ar(^  gathered  into  om» 
icservoir  at  tlie  base  of  the  tufa  bluff  betwiHMi  the  .\rlington  Hotel 
and  lh<*  Superior  bath  house.     Another  si)ring  is  seen  near  the  Hale 
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bath  houi^,  where  it  issues  from  a  cavity  in  the  tula  and  flows  into 
a  basin.  There  is  constant  flow  from  the  tufa  wall  back  of  this 
masonry  platform,  forming  the  dripping  spring,  where  thousands  of 
visitors  daily  drink  hot  water  direct  from  the  rock.  At  this  place 
also  the  green  algous  growth  may  be  seen. 

TUFA  DEPOSITS  OF  THE  HOT  SPRINGS   WATERS. 

As  already  noted,  the  hot-spring  area  is  characterized  by  a  deposit 
of  calcareous  tufa,  Or  travertine,  formed  by  the  hot  waters,  and  cov- 
ering not  only  a  large  part  of  the  mountain  slope  about  the  existing 
hot  springs,  but  also  extending  westward  to  the  Happy  Hollow  ravine 
and  occurring  above  the  band  stand,  far  above  any  existing  springs 
in  the  slope.  Tufa  deposits  are  common  about  both  hot-  and  cold- 
water  springs  whose  waters  carry  carbonate  of  lime  in  solution. 
This  material  is  precipitated  when  the  carbon  dioxide  of  the  waters 
escapes  upon  exposure  of  the  water  to  the  atmosphere.  At  the  Ar- 
kansas hot  springs  a  very  small  amount  of  carbonate  of  lime  is  held 
in  the  waters,  yet  it  is  sufficient  to  coat  the  hot-water  pipes  and  to  fill 
wooden  troughs  used  to  conduct  the  waters.  In  Cave  Spring  and  at 
Dripping  Spring  the  tufa  may  be  seen  now  forming.  It  is  therefore 
not  certain  that  the  waters  which  formed  the  great  tufa  deposits  of 
the  place  were  any  richer  in  lime  carbonates  than  those  of  to-day. 
This  tufa  is  seen  in  its  natural  state  at  many  places  about  the  springs, 
but  is  particularly  well  seen  at  Cave. Spring,  back  of  the  Arlington 
Hotel.  It  is  of  a  gray  color  and  porous  texture  on  the  surface,  but 
when  quarried  is  pure  white,  compact,  and  crystalline. 

This  tufa  consists  almost  Avholly  of  carbonate  of  lime,  carrying 
very  small  and  varying  amounts  of  manganese  (oxide)  and  iron 
oxide.  The  manganese  is  frequently  prominent  as  a  black  powder, 
or  occurs  in  blackish  layers  through  the  rock.  The  analysis  made  for 
Owen  in  1850  of  the  material  deposited  in  the  pipe  accords  so  exactly 
with  that  of  the  deposit  now  forming  that  it  is  reproduced: 

Analysis  of  hot-spritn/  tufa  farmrd  in  pipes  rarrpintf  hot  irater  to  hath  houses. 

Per  cent. 

Carbonate  of  Hmo 02.(120 

Sulphate  of  Ume _. .085 

Carbonate  of  inaj^nesiji _     __  __   __ 3.(HK) 

Carbonate  of  iron     __    _.   __     _.    .210 

CaH)onato  of  nianj:{iiios<'__   _.. .100 

Potassa    .107 

SIHca .110 

Total   00.301 

In  Cave  Spring  the  freshly  deposited  tufa  is  tinted  orange  by  the 
alga?  that  live  in  hot  water,  and  green  by  the  s|)ecies  that  flourish  at 
slightly  low  or  teniperatiin^s.  These  coloi's  are  purely  vegetable  and 
disappear  if  the  deposit  Ix*  heated. 
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Bus  taia  dt^poMt  pov<*rH  an  area  of  approxiiuatcly  30  acres,  anJ 
TftlieB  from  ii  few  incht*?*  to  6  or  8  feet  in  thickness,  Ifc*  oeciirreniY 
diows  that  mnu*  of  th*-  s|>riiig^  ft>riu(*rly  flowtH)  to  the  west  aiid  llml 
the  Wtttars  cov(.*n*d  a  lttr*c*?r  oreii  than  at  pR*?^nit, 

The  brOttd  ar^a  covered  by  th«  tufa  dcMttn  not  iiu*an  tliat  thi^  hot 
waters  cOT<*rt*d  thii*  etitin^  )»ira  at  any  one  tiinci  fur  the*  al;2t>ti- 
growth  deptTil>ed  as  HUiug  the  hot-Tvater  i^tiTams  eausc^s  a  filHuir  ap 
of  the  channel  and  ii  diversicaj  of  the  wnt&r  to  a  different  {liaca  In 
two  inatano's  tin*  wati^rs  Iniilt  up  uiounib  abuut  the  *^prin^  Ttjf 
most  notici'ahh'  of  thasi*  in  that  of  Cave  Spring,  which  ha^  been  arti 
ficially  breaehed  in  the  development  of  a  larger  water  supply  from 
the  spring,  Abcjve  the  music  pavilion  another  area  uf  tufa  indi- 
cates the  former  pirsc^nce  of  springs  at  a  levei  higher  than  any  bow 
existing.  I 

The  thickness  of  the  tufa  deposit  is  likely  to  be  oven*8tunated.  aft 
it  covers  stei*p  shjpes  aTuI  even  fornu^  cliff  fncci^*  The  earliest  de- 
scription of  the  phice  tells  of  its  forming  overhanging  ma^^se^  ahaig; 
side  the  creek,  whose  Hcaal  wiitej>i  swept  away  its  supiKjrt*  Tin 
natural  exposures  uf  conglomerate  and  sandstone  outcropping  uciir 
the  pavilion  show  that  the  tufa  is  there  underlain  by  hard  rock* 
Farther  we^t,  however,  the  tufa  overlies  soft,  shaly  rocks,  which  hav^ 
been  digested  by  the  hot  w^aters  and  vapors  for  so  long  a  time  (hat  th< 
material  is  as  soft  as  a^hea*  In  the  development  of  new  water  mi 
plies  near  Spring  No,  1  a  pipt*  was  <lriven  B8  feet  down  into  thi 
material.  Inunediately  bt^ncnth  the  tufa  thei'e  is  a  luvceia  of  novacu 
lite  sandstone  or  shale  fragments  cemented  by  iron  oxide,  manganese 
oxide,  and  carbonate  of  lime.  This  is  seen  under  the  tufa  at  Cave 
Spring  and  at  Dripping  Spring.  It  merely  represents  the  old  hill- 
side debris  cemented  by  the  hot-water  deposit  and  material  deposited 
later  Ix^neath  the  tufa  mantle. 

The  owners  of  the  Hale  bath  house  have  cut  a  short  tunnel  into  the 
tufa  l)ack  of  their  establishment,  and  the  natural  heat  of  the  ground 
is  used  for  a  vapor  bath.  There  is  no  doubt  that  the  ground  back  of 
Bath  House  Row^  is  permeated  by  a  network  of  fissures  and  is  heated 
by  hot-water  vapors. 

The  tufa  area  is  described  by  all  earlier  writers  as  being  distin- 
guished from  the  adjacent  slope  by  its  peculiar  vegetation.  In  the 
improvement  of  the  reservation  this  distinction  has  been  largely 
obliterated,  as  flowers  and  shrubs  have  been  freely  i)lanted.  The  tufa  ' 
cliflFs  and  rougher  exposures  show,  however,  the  limestone-loving  ferns 
Cheilanthes  alabamensis  Kunze  and  Adiantum  capillus-venevis  L., 
which  occur  nowhere  else  in  this  region.  Owen  mentions  these  ferns 
especially,  besides  numerous  peculiar  mosses  and  algae,  stonecrop, 
sage,  lobelia,  and  senna  as  characteristic  of  the  tufa  area. 
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GEOLOGIC   RELATIONS  OF  THE   HOT  SPRINGS   WATERS. 

In  the  geologic  sketch  already  given  the  rocks  from  which  the  hot 
waters  issue  are  described  as  sandstones  and  shales  of  lower  Silurian 
age,  occurring  in  sharply  compressed  folds.  The  hot  waters  issue 
from  the  sandstones  seen  well  exposed  back  of  the  superintendent's 
office  and  near  the  music  pavilion  and  from  the  overlying  shales  in 
the  area  west  of  the  pavilion.  These  rocks  form  part  of  a  steeply  dip- 
ping anticline  plunging  beneath  the  surface  toward  the  southwest. 
It  may  be  compared  to  the  partly  buried  prow  of  an  upturned  boat. 
The  rocks  arch  around  the  mountain  slopes,  the  different  beds  being 
revealed  very  much  as  the  scales  of  an  onion  bulb  are  exposed  when  it 
is  partly  cut  into.  A^Tiile  the  rocks  are  flexed  into  this  great  curve, 
the  great  and  thick  beds  of  hard  sandstone  and  conglomerate  were 
cracked  while  being  flexed,  and  little  slips  and  breaks  were  produced. 
The  smaller  cracks  form  a  network  of  fractures,  which  in  some  places 
are  seen  to  be  filled  with  white  quartz.  The  principal  springs  are  ar- 
ranged along  a  line  running  about  north-northeast,  or  parallel  to  the 
axis  of  the  fold  forming  Hot  Springs  Mountain.  This  line  is  believed 
to  be  a  fissure  corresponding  to  a  fracture  of  the  northwest  fold — a 
fault  fissure.  Springs  are  common  along  such  fractures  in  the  novac- 
ulite  region  of  Arkansas,  and  there  is  no  reason  to  believe  there  is 
anything  unusual  in  this  one.  The  source  of  heat  is  discussed  else- 
where. 

COMPOSITION   OF  THE   HOT   SPRINGS   WATERS. 

Analyses, — The  hot  springs  yield  waters  of  remarkable  purity. 
This,  in  fact,  is  the  reason  ascribed  by  some  physicians  for  the  efficacy 
of  the  water  as  ii  remedial  agent.  The  very  complete  analys(»s  given 
in  this  report  show  a  very  small  amount  of  mineral  matter.  The 
purity  of  the  natural  waters  of  the  region  is  well  known.  The  water 
of  Happy  Hollow  Spring  has  less  mineral  matter  than  any  other  of 
the  waters  known,  excerpt  that  of  Poland  Spring,  of  Maine.  The^se 
waters  rise  through  siliceous  rocks,  and  the  fact  that  the  hot  w^aters 
contain  so  little  mineral  matter,  particularly  silica,  is  evidence  of 
their  meteoric  origin,  and  accords  with  the  nature  of  the  gases  given 
off  by  the  springs. 

A  direct  coinj)aris()n  of  the  analyses  with  those  made  in  earlier 
years  is  not  convenient,  since  the  analyses  are  given  in  parts  j)er  mil- 
lion, while  those  of  the  Arkansas  (Geological  Survey  are  in  grains  per 
gallon.  I  have  recalcnlat(Ml  the  analyses  of  the  larger  springs,  how- 
ever, and  find  them  nearly  identical  with  the  later  ones,  showing 
conclusively  that  the  nature  of  the  waters  is  not  changing  with  time. 

The  accompanying  tal)l(*  gives  a  recapitulation  of  the  analyses 
made  by  Mr.  J.  K.  Haywood,  of  the  Department  of  Agriculture: 


I 


202 


HYUBOLOOY   OF    EASTERN    UNITED  STATE!*,    I9a^ 


[no,  H 


i 


silillHIi  II  lillBlliiiHIl 


fii8lii  =  §ii  §§  if liiiisiiggfii' 
^  ■■■■■■    ■ •  •   


ttiitiiiit    ce    £  a g i e 2 e g g  I  !  M I 


e$iE;iS£ii£     in     iUai¥ai*^@3.Tt^a.t 


01 


^  t:  S  $  J^  S  SI  $  ^  S     1  i!^     i  3F  a  ?  ti  3  n  Si  ?  lE  t  31  s  i 


I 


a, 


^ 


li 

n 


=  :^  *  =  S  « 


a|ll3ll!|^|:=ll    ;:|    ^^^S||| 


^ 


"III 


I 


I 


£h      3      L'     &      %      f 


^  m  (^  H  ^  f^  h 


t*  I-  H  h  h  H  f*  H  t*  H  1^  E-*  H  H 


^    e    a    ai    eJ    s    «    op    g^    &       n    ^        4t    ^    ci    ±    s^    fi    k    -e    s     e    a^    j^    c    n 

ill  g  si  ill  I  SI  liimhmiil 


O         l^^^^S'S'^^S'S'^      *■'*'      na'***,a'*^S'.5^iE^^^5^^^5* 


I 


^     O     C'     ^     o 


HEhEhEhEhEhE-EhE^E^ 


H  H 


0)    «   CO    o 

H  H  H  H        H  H  H  I 


ggiiisisSS  SS  8SiS888§§g8i 

HH=> 


O 


4)     ■«♦«■<«•    O 


Eh  H  H   H 


il 

H  H  ^ 


n    I  S  §  I  i  §  ^'  I  S'  I  §  '  §  ^    1  S'  ^'  §  i  ^  ^  S  S  ^  §'  S  S'  S 


o 


S?  S  ?S  3  S  S  S  i8  S  fl     «  f3     ^  g  5  S  S  S  t2  S  8  8S5  *  8  8 


I-   X)   »-   00   r-   CO   I"   »-   I-   I-        00   ®        «    t-   »-   I-.    00   O   oo   1^   r» 


»*  t*   »-•   ►• 


5'      ;;:^S§t8c5Sg?SSts     ^  ^     liV;§385o?:^8S^SSS8 


eg 


il?i  ii§§iis§l5    ;s 


§  2 


■   o  ^    . 
5   t-  ^ 


•  o 


IS 

1-     ^     C    J3 


;l 


g  -a  ^ 


®5  6  ®5  „  _  _ 

ails  l=s|g.|?-s  I  ^8  •3's|isa&5s.||5 


WEED.l 


HOT  SPRINGS  OF  SOUTHERN   UNITED  STATES. 


203 


i  8  i  i  i  i  I'i  i  i  i  §'=  §"5  i  §  i  ss' '  I 

- bb 

t*  H  H  H  H  E^  ^  ^_  ^  ^  ^'  1"  _^J^_^_^  ^  _^  _^'_^_ '  "  .a 

■4!  ^"  iC  ■♦  '«•  ■*  -^  •♦  ■^'  ■*  krf  O  lO  irt  CC  ifl  00  ©i  oi  10   '     5 

$  s  s  ^  ?|  n  X  u  .^  ^  ^  fe  ;s  8  s  2  ss  s  i$  s     I "", 

■^    ^    ■*"    -^    ■*»    ""T    -^    -^    ■^    >**    L'f    »r;    »-'5    ■^'    »o    O    V    1-1    1-1    »iD       I    ^^    {i 

-----    -    - gl 

gi  i$  ^  5  '•?  5  '4  t$  ?  ^  ^  5'  '^  !?  5  ^"  ^'  -^  «  ^  j  ^  S^ 

'  ■    i g  g  •§  g  g  •    8»3 

Eh j^_^_  _^jl^_.  ... ;  "i^ 


gl^ 


^  ^  g  g  g 

^  ^  ^  ^  ^ 


g  g  g 

H  E^  H 


vac 

g  g  g 

h"  E^  H 


O     0) 


>«^         ^a/         iiV         ««/         U/ 

^  ^  ^  ^  ^ 


"!  ci 


^1 


«     9     QJ     S> 


g 


g  I  g  i 

H  E^  Eh  Eh 


b*  b^  b^ 


g    g   g 

Eh   Eh    Eh 


g    g     g 

Eh  H  H 


Eh   H 


9    a>    <>    0; 

ens 

h   Eh   Eh   H 


S  S  S  fe  ?o  s 

25 

y 

a 

S  fe  g  ?? 

lo 

t- 

Sc  SS  S  S  S 

9J  04  91  'M'  91  »i 

9i 

91 

9* 

91  91  91  ec 

91 

« 

91  kO  1-1  04  9t 

*  *^  *  .c'  ic"  la" 

^ 

S^ 

a' 

«  ic'  .o"  iC' 

^ 

*■ 

^  io"  *^  S"  ^ 

...... 

-. 

-. 

-.  .  -.-. 

.■  -  -  .- 

o  ^    9    ^    x> 

g  •    g    g    g 

h  H    Eh    H 

X  a   5r.    2i    £3 

5  2^55 


o    a>    c- 
V    o    w- 

g    g    g 
H  H  H 

Sis 


g    g    g 
H  Eh  E- 


9  * 

^  S  3 

^  t.  t^ 

b^  b-  b^ 


0;  cjj  «  0/   25 

g  ■  g  g      • 

H  Eh  Eh 

?  5  g  2  5 

"  ■  E-  ■ 


fj  v;  ?i 


2  g  -• 


H  E- 


0)    -J- 


5  Id  }.=  y  s 


:?  :;  ?J  f  ::; 


,-?5  .75  ;=i  -  :» 
3  3  ^  12  -i 


11 


3    X    as 


?  s  :55  n  ^ 

t^  «-*  «-  X  X 

:;  5?  g  5  VI 

I-'  X  qj  <-  x" 

-^  -I"  «ft  -"T  ■* 

g  3  ^  55  Z 

-^  91  ""'  »-'  jC 

*?»  -  r» 

«  O  O  lO  I- 

5^  *  Si  91  t2 


-  5^^ 


x'    rl    I  - 


.*  :-f  ^  :■« 


■/.    -^    X 


^  ^  ^  ^ 

III 

CO     ->!      -f     ^ 


''  'zz   ^-   ?i  *'  "   ^ 


Id  Ti  Si  ^  :=> 

c-.    T^    ?J    I'i    oi 


^    5,    —    f»    ;u 


-r   a   5     ■   8  f?    ^  ^    ^     ■    i  7.   5  :;     '    ?  I  c,  >.  t 

cs    o-'T   twC    sri:"^—    >    «    s'-j'-r    ^.  i    i<   C'c 


21:  § 


9H 


nYDRoLooy  OP  ea^terk  united  states,  im% 


[KCL 


*  Om8e9. — The  gnms  givmi  ail  by  the  hot  waters^  w^m  cntofiiUy  ctil 
leetod  and  uTuily/.«Hh  Tho  n^sults  show  thjit  thev  mnsigt  of  carbtii 
€|MpP>  oxygt*ii,  ami  nitrogen.  The  nitii?  of  oxygen  nni)  nitn>p^fli 
iSflpiipomls  very  chis«.*ly  to  that  of  atmospheric  air,  and,  takitiff^iiun 
■nt  Ae  rehitivi*  absorption  of  the  two  giit^an  hy  watt»r,  thcrf^oiH 
don  hi  that  the  oxy|r*Mi  and  nitmgen  given  off  by  the  ihi^ 
from  iihsorlKHl  air. 
Mmeral  contents,^-T\i2  mineral  matter  of  the  watea^  \mB  ^lui 
ttofOi  the  nK*ks  tmvei^Hl  hy  tlie  wnters.  Keeo Heeling  the  s^olveirf 
power  of  hot  water,  it  is  rather  rentarkaUe  that  the  wat*  i*s  are  s 
pufe.  The  inr  tier  lying  rot^ks  nre  Sibiritni  ^^*dimentH  rewttn^  tin  a: 
unknown  i/oni|>lex,  but  the  Silurian  roek^i  alone  uiv  eonijjetent  t 
supply  all  the  iriinenil  matter  of  the  waters, 

SdUUCK  or   HOT   srHt!<(0«^    WATEK8* 

From  what  ha*i  already  been  said  in  disen*i£iing  the  geologic  an 
topographie  n^lalions  of  the  springs,  and  from  ihe  eumptit^itifm 
the  water  and  of  the  gat^^s,  there  sterns  no  doubt  that  the  but  :sprhi^ 
correspond  closely  to  the  ordinary  Hpriug>>  *>f  the  tnoini^aiu  ei^gitu 
save  in  the  very  important  element  of  heat.  As  will  be  sJitnvn  tatt*f5 
it  is  believed  that  the  waters  of  a  very  hirgii  btit  entin^ly  normn 
spring  or  springs  have  l>een  hentetl  by  va|Hir^  rising  through  fLs^u 
penetrating  to  unknown  depths, 

nrBATtON   OF  THK  SOT  UPRINGS, 

Temperatures. — The  question  whether  the  hot  springs  are  changing 
in  character  and  will  eventually  either  cease  flowing  or  become  cold 
springs  is  of  both  popular  and  scientific  interest.  In  18C4  Dunbar 
and  Hunter  recorded  a  temperature  of  150°  F.  for  the  larger  spring 
and  154°  F.  for  another  spring.  In  1859  the  springs  were  carefully 
examined  by  David  Dale  Owen,  State  geologist,  and  a  map  of 
temperatures  and  elevations  was  published.  In  1860  a  more  accurate 
map,  together  with  records  of  temperature  and  outflow,  was  prepared 
by  William  Glasgow,  jr.,  from  careful  instrumental  surveys. 

Since  then  many  changes  have  been  made  about  the  springs,  all 
of  which  have  been  dug  out  and  inclosed  in  masonry  arches,  with 
the  consolidation  of  two  or  more  springs  into  one  in  some  instances, 
the  development  of  new  outflows  by  digging  wells  or  sinking  pipes, 
and  the  drying  up  of  adjacent  natural  outflows.  For  these  reasons 
all  the  springs  now  existing  can  not  be  positively  identified  with 
those  shown  on  the  earlier  maps,  but  a  majority  of  them  are  so 
correlated  without  doubt. 

The  comparison  of  the  old  records  mentioned  with  those  recently 
made  shows  that  the  highest  temperature  known  to-day  is  147°  F., 
as  against  154°  in  1804  and  150°  by  Glasgow  and  148°  by  Owen  in 
18G0.     In  a  number  of  springs  there  is  a  decline  of  2°  since  the  latter 
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date.  Such  a  slight  diflference  might,  however,  be  due  to  diflferences 
in  the.manner  or  place  of  taking  the  temperatures,  or  the  instruments 
used  in  the  earlier  years  may  not  have  been  accurate.  It  is  note- 
worti^y  that  Owen's  highest  temperature,  taken  in  1859  with  a 
stanj^yy:dized  thermometer,  was  148°,  and  that  recorded  now  is  147°. 
In  other  words,  the  temperature  is  decreasing  so  slowly  that  tiie 
change  is  almost  imperceptible  in  half  a  century.  In  one  instance, 
that  of  Alum  Spring,  there  is  a  very  marked  decrease  in  temperature, 
and  as  this  is  the  only  spring  on  the  west  side  of  the  creek  there  is 
no  doubt  of  its  identity.  In  1804  this  had  a  temperature  of  132°. 
In  1859  its  temperature  was  133°,  according  to  Owen,  and  to-day  it 
is  but  114.8°. 

Atnount  of  outfloir. — The  comparison  of  outflow  is  more  difficult. 
According  to  Dunbar  and  Hunter,  the  largest  spring  had  an  outflow 
of  11  quarts  in  eleven  seconds  in  1804,  corresponding  to  22,100  gallons 
per  day,  and  the  four  largest  springs  had  an  outflow  of  165  gallons 
per  minute,  or  237,000  gallons  per  day.  Doctor  Owen  gives  no  meas- 
urements, but  Glasgow  gives  the  discharge  of  each  spring — a  total  of 
817  gallons  per  minute,  or  450,480  gallons  per  day,  as  compared  with 
850,000  gallons  per  day  at  the  present  time.  As  the  writer  has  shown 
elsewhere,  the  spring  water  is  of  meteoric  origin,  like  most  spring 
water,  and  probably  varies  somewhat  from  year  to  year,  correspond- 
ing to  variation  in  annual  rainfall  in  some  previous  year,  so  that  no 
definite  comparison  can  be  made  with  the  early  records,  except  to 
state  that  the  volume  of  water  discharged  is  very  much  greater. 
Supposing  a  practically  constant  amount  of  heat  applied,  this  of 
itself  would  mean  a  slightly  lowered  temperature.  In  this  connec- 
tion attention  should  be  called  to  the  well  put  down  by  Major  Torney, 
U.  S.  Army,  in  the  Army  and  Navy  Hospital,  which  is  capable  of 
yielding  the  amazing  amount  of  350,000  gallons  per  day  without 
affecting  but  one  very  small  spring  (No.  40  of  the  list). 

From  a  consideration  of  all  these  facts  it  is  concluded  that  the 
springs  are  losing  their  heat  so  slowly  that  the  loss  is  almost  inappre- 
ciable. 

Amovnt  of  mincvdJ  matter  in  Siolf/tion, — Xo  essential  difference  in 
the  composition  of  the  waters  can  be  detected  by  a  comparison  of  the 
analyses  made  foi*  Owen  or  Larkin  (1859)  or  for  Doctor  Branner, 
of  the  Arkansas  (Geological  Survey,  in  1S89,  with  the  elaborate  and 
careful  analyses  made  by  the  National  (lovernment.  The  waters 
are  remarkable  more  for  their  purity  than  for  their  mineral  contents. 
The  material  in  solution  consists  mainly  of  bicarbonate  of  lime, 
^'hich  is  so  easily  i)recipitated  by  the  loss  of  carbonic-acid  gas  that  a 
deposit  forms  in  pipes,  and  rather  rapidly  where  the  spring  waters 
drip,  as  in  the  walls  about  the  bowl,  of  Cave  Spring.  The  total 
mineral  matter  for  all  the  springs  amounts  to  1,367  pounds  a  day. 
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eqiUTmlent  to  '249.5  toms  a  year*    Thi&i  anion nt  cif  mater tnl  car 
by  the  hot  \\nu*v  from  thi*  «'*ii  th's  intLTior  to  ibt*  s^urlace  must  I^rcf] 
very  ocmsidertibk*  cavity  in  the  t^Hirse  of  time, 

flEAT  OF  TUS    HOT   I^PKINCa    Wi|-rKSIIS. 

While  tlieiT  Imvo  Ik^mj  many  liimriis  AdvnutH^d  to  account  for  I 
fMMiroe  of  tlic  Ikot  waters,  the  only  hyinithesift  thnt  !^an<i^  the*  tt^  a; 
scientific  iiif|inry  is  thr*  tnw  wUwU  nsrrilM's  iIk^  lu-nl  of  the  wat<*n?  txi 
still  hot  hu  t  vm  i  oe  ;j  let  I  I  *ntl  wh  nf  j^uvm  i>  n  n^k.  It  h*  't*  i  u  s  si^a  r  cely  n^- 
essary  toaill  Httention  to  tht.*  ahsiiiJity  of  the  idea  that  either  nlaking 
lime  in  the  cU^pth^  of  tho  enrtli  or  fhtmiral  n^iHlioii  t^f  thr  water^^  with 
the  atmosphere  iHJuhl  Ih^  the  rnuso  (*f  iho  luMit*  Tlnit  tlie  wtiter^  v<yim 
from  a  de])(h  ?iufKcii»nt  for  IhiMr  htmtitig  by  the  liornutl  increment  afj 
earth  heat  H"  for  every  50  feet)  seem!4  unreasonable.  muH*  it  would 
necessitate  ii  depth  of  mnuly  i),(H^(»  fcM*t  to  give  the  waten?  their  \>rv^ 
ent  tempeiatijiT,  even  at^snming  that  they  were  not  rooled  in  thei« 
course  upwun).  The  {X)in[X)8ition  of  the  gjia^s  given  otf  by  the  wat4*i 
shows  that  they  contain  atmospherie  air  as  well  an  carl>on  cHoxid 
That  the  heat  of  the  waters  h  clue  to  the  heat  devclu|ied  by  thi*  fohl^ 
ing  of  the  r^Hkh,  which  is  the  tlieory  given  to  aeeount  for  tlie  lieat  at 
the  Virginia  Hot  Springs,  is  not  probable*  for  the  folding  at  Hm 
Springs  is  not  more  intense  than  elsewhere  iii  the  mountain  renriona 
of  Arkansas,  and  no  evidence  of  hot*«pring  action  has  been  found  a 
any  other  Intabties  (*xeepl  wluTe  igiiemis  rocks  arc  [>res*ni(. 

It  is  believed  that  the  heat  comes  from  a  great  body  of  still  heated 
igneous  rocks  intruded  in  the  earth's  crust  by  volcanic  agencies  and 
underlying  a  large  part  of  central  Arkansas.  The  existence  of  such 
a  mass  is  shown  by  the  great  bodies  of  granite  seen  at  Potash  Sul- 
phur Springs  and  Magnet  Cove,  where  the  roc*ks  have  been  exposed 
by  the  wearing  down  of  the  overlying  sediments,  though  the  igneous 
rocks  seen  were  of  course  long  since  cooled.  At  Magnet  Cove,  more- 
over, there  are  tufa  deposits  w  hich  show^  the  former  occurrence  of  hot 
springs. 

This  hypothesis  is  strengthened  by  the  occurrence  of  intrusive 
dikes  at  various  localities  about  the  springs,  and  their  trend  and 
occurrence  indicate  that  the  molten  material  which  filled  the  fissures 
did  not  come  from  the  bodies  of  rock  now  exposed  at  Potash  Sulphur 
vSprings  or  at  Magnet  Cove,  but  had  some  deep-seated  source,  whose 
location  is  indicated  by  the  dikes  as  being  ai)proximately  under  the 
Hot  Springs.  Deep-seated  waters  converted  into  vapors  by  contact 
with  this  ''  batholith  "  of  hot  rock  probably  ascend  through  fissures 
toward  the  surface,  where  they  probably  meet  cold  spring  waters 
which  are  heated  by  the  vapors.  As  the  igneous  dikes  near  by  are 
fissures  reaching  down  to  this  great  mass  of  igneous  magma,  which 
have  been  filled  by  it  to  form*  dikes,  it  is  not  unreasonable  to  suppose 
that  fissures  e^ctend  down  to  the  now  solid  but  still  hot  igneous  mass. 


NOTES  ON  CERTAIN  LARGE  SPRINGS  OF  THE  OZARK  REGION, 
MISSOURI  AND  ARKANSAS, 


Compiled  by  Myron  L.  Fuller. 


Tlie  following  account  is  based  on  memoranda  furnished  by  E. 
Johnson,  jr.,  who  measured  the. flow  of  the  springs  in  connection  with 
stream  measurements  in  the  same  region,  -and  on  geologic  and  other 
notes  furnished  by  H.  Foster  Bain  and  E.  M.  Shepard.  The  investi- 
gations and  measurements  of  the  springs  were  made  with  the  view  of 
determining  their  availability  as  a  source  of  water  power,  a  question 
which  had  l)ecome  of  importance  because  of  the  needs  of  such  power 
for  plants  contemplated  in  connection  with  the  proposed  construction 
of  an  electric  railway  through  the  district.  The  account  is  presented 
for  the  purpose  of  calling  attention  to  the  size,  character,  and  impor- 
tance of  the  springs  which  are  typical  of  the  Ozark  region. 

OZARK  REGION  IN  MISSOURI. 

GEOIiOGY. 

The  springs  which  are  described  in  tlie  following  pages  are,  with 
the  exception  of  Mesainer  and  Boiling  springs,  situated  on  the  south 
flank  of  the  Ozark  uplift,  whore  a  long  structural  si opf  opens  the 
way  for  an  important  underground  circulation,  fed  from  a  central 
table-land.  The  springs  are  in  canyons  where  the  streams  have  cut 
down  into  the  rock  and  intersect  some  acjuifer  or  water-l)earing  bed. 
The  country  rock  is  generally  a  cherty  dolomite  with  irregular  l)e(ls 
of  sandstone,  but  tlu*  j)articular  horizons  which  are  most  favorable 
aquifers  have  not  been  discriniinated.  The  rocks  an*  mainly  lower 
()rdovician,  but  some  Cambrian  rocks  of  similar  lithologic  character 
occur  in  the*  vicinity. 

Mesamcr  Spring  i^  on  the  noi*th  flank  of  the  Ozarks,  well  up 
toward  the  civst,  but  is  in  a  dolomite  and  sandstone  country  of  approxi- 
mately th(»  same  age  as  that  of  the  springs  on  the  south  flank  of  the 
mountains.  Sink  holes  abound  in  the  region.  Boiling  Spring  is 
likewisi*  on  the  northwest  flank  of  the  Ozarks,  and  is  said  to  issue 
from  a  doloniitic  rock,  i)robal)ly  the  (jasc(made  limestone. 
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CENERAL  CX)ND1T10N8. 

The  country  as  a  whole  is  a  plateau  deeply  cut  by  stream  erosion, 
and  undor^'ound  circulation  is  unusually  important.  There  are 
many  deep,  wide  valleys  which  now  contain  no  streams  except  in  ven* 
wet  weather,  all  the  water  poin^  under^^^und  within  a  ver\'  short 
distan(*e.  This  is  so  true  ihat  the  value  of  the  land  for  stock  pur- 
poses, the  nuiin  use  exci»pt  for  timbi^r,  is  largely  determined  by  the 
l)res(Mice  or  abstMun?  of  sprinp<.  These  are  numerous,  those  descril)ed 
\m\\ir  only  some  of  the  Ix'st  known.  Intermittent  as  well  as  steady- 
flowing  springs  <Hrur.  One  of  the  lx»st  known  is  in  Shannon  County, 
near  the  junction  of  Jacks  Fork  and  Curivnt  River.  This  spring  has 
a  rhythmic  flow  with  maxima  approximately  forty  minut^^  a])art. 
The  minimum  flow  is  much  less  than  the  maximum,  but  the  water 
d(H»s  not  altogether  cease  flowing.  Pivsuuuibly  the  spring  is  the  out- 
let of  two  or  more  uiulerground  channels,  one  of  which  has  a  chamber 
and  siphon  form. 

All  of  the  springs  show  marked  fluctuation  of  discharge  with 
variations  in  rainfall,  which  probably  accounts  for  the  great  differ- 
ence in  past  and  i)resi»nt  flows,  such  as  is  noted  in  the  case  of  Blue  and 
Alley  springs. 

DEscKirnox  of  spkixos. 

^r/YY/*  Sprint/. — This  spring,  which  is  owned  by  Greer  &  Mainpriw, 
is  located  in  stM*.  :U),  T.  -25  N.,  K.  4  AV..  U  miles  northeast  of  (jn?i»r 

post-oHicc  and  about  the  sanu*  <listan('i'  south  of  Eleven  Point  Kiver. 
It  is  ^  inilo  ii<»rtln'a>l  of  Alton,  tlu'  county  s(»at  of  On^gon  County, 
and  1(»  niil<'>  dur  ^outh  of  Winona,  Sliannon  County.  AIhhiI  ono- 
fourtli  it>  \vat<»r  issu('>  from  a  caxc  linccl  witli  stalactites  and  stalag- 
niitr-,  >iiual('(l  at  tli<'  IhmkI  of  a  i\rr])  i-avinc  rut  in  Ordovician  rorks, 
mainly  <lMTty  <lo|omitr>,  witli  orca^ional  ii'iH'irular  ImmIs  of  sandstone. 
Tlu'  remaining  thrcc-fourtlis  comi's  from  a  so-rallcd  "  lM)il  "  100  fcrt 
distant  and  7  fcrt  lower,  the  xuirct'  of  which  is  invisible.  From  the 
s])rin«^  llic  wat<'r  llows  <lown  a  rai)i<l  dcsccn!  through  a  narrow  val- 
ley to  Klcv(Mi  Point  KiviT.  r»  t  f<M't  lowrr,  furni>hinir  power  for  a  large 
gristmill  on  tin*  way. 

Tlic  water  i>  colorless,  t'.\c<'pv  wluM'e  contaminated  by  sediment 
washed  in  lu'low  its  source  in  time  of  >lorm.  It  has  no  odor  or  taste 
and  has  a  temjuM-aturo  of  T)!  .  Other  tlian  tln'  >ourci'  cd'  power  men- 
tioned, no  Use  is  made  of  it>  water>. 

The  maxinnnn  measurement  of  How  irave  a  re>ull  of  W:i  cubic  feet 
per  second,  while  tlie  minimum  (low  i>  not  far  from  'J'J.*)  cubic  feet. 
Al)out  '2i\^>  f(H't  is  a  more  comnu)n  di^cliarge.  Tlie  minimum  How  l< 
ecjual  to  tliat  of  a  stream  i?r>  feet  wide,  '\  feet  deep,  (lowing  ^\  feet  per 
.second,  and  represents  the  run-off  of  a  large  area  of  surface. 
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Van  liuren  or  Big  S//rinf/. — ^This  is  located  in  the  valley  of  Cur- 
rent Riv(»r,  4  miles  southeast  of  Vauburen,  the  ebunty  seat  of  Carter 
C!^ounty,  and  has  a  large  flow. 

Fanrhon  Spring. — Fanchon  Spring  is  located  on  the  side  of  the 
left  hhitr  of  Current  River,  in  sec.  9,  T.  21)  N.,  R.  2  W.,  10  miles  east 
of  Eminence,  the  county  si»at  of  Shannon  County.  The  spring  is 
t)\vned  by  a  hunting  and  fishing  chib  of  St.  Tjouis,  and  is  said  to  yield 
sufficient  water  for  power  puri)os(»s. 

Alley  or  Rig  Spring. — Alley  Spring  is  located  near  Alley  post- 
office,  in  T.  21)  N.,  R.  5  AV.,  about  0  miles  we.st  of  Eminence,  Shannon 
County.  It  emerges  as  a  stream  from  the  base  of  a  high  dolomitic 
limestone  bhiff  on  the  side  of  the  comparatively  broad  valley  of 
Jacks  Fork,  a  tributary  of  Current  River,  with  which  its  waters  unite 
about  one-half  mile  1h»1ow  the  spring. 

The  water  is  odorless,  tasteless,  somewhat  hard,  and  has  a  tem- 
perature of  58°.  Its  ordinary  flow  is  85  cubic  feet  per  second,  but  is 
probably  not  more  than  75  second-feet  during  the  summer.  It  fur- 
nishes pcmer  for  a  grist  and  siiw  mill  near  its  source.  The  flow  of 
this  spring  in  1875  was  reported  by  Dr.  C.  P.  Williams «  as  588 
second- feet. 

Blue  or  Round  Spring. — This  spring  is  located  in  sec.  20,  T.  30  N., 
R.  4  W.,  about  14  miles  northwest  of  Eminence.  It  originates  in 
a  natural  limestone  well  alK)ut  84  f(*et  in  diameter  at  the  rim  and 
48  f<»et  di>ep.  On  one  side  is  a  high  bluff;  through  an  opening  on  the 
other  side,  IS  f<»et  Inflow  the  surface  and  72  feet  in  length,  the  water 
(»scapes  and  flows  into  Current  River,  a  quarter  of  a  mile  distant. 

The  water  is  odorless  and  tasteless  and  of  a  deep-blue  tinge.  The 
tenij)erature  is  54\  As  given  by  Dr.  C.  P.  AVilliams,"  the  flow  in 
1875  was  4-25  ruble  feet  jM»r  sec(md,  but  when  measured  in  1904  by 
Mr.  E.  Johnson,  jr.,  was  only  2*^  second-feet.  It  has  in  the  past 
furnished  powiM*  to  at  least  two  mills,  but  no  ust»  is  now  made  of  it. 

M('s(un(r  Spring, — This  spring,  which  is  owned  by  the  James 
estate,  is  located  iu  sec.  17,  T.  ^57  N.,  R.  <>  AV.,  7  miles  in  a  southerly 
direction  from  St.  Jain(»s.  The  spring  issues  as  a  subterranean 
stream  from  the  baso  of  a  blutt'  in  a  gorge  in  the  (iasconade  lime- 
stone. The  watei-  is  of  a  bluish  tinge,  without  odor  or  taste,  but 
fairly  hard,  and  carries  soum*  sediment  after  heavy  rains.  Its  tem- 
perature is  50^ .  The  flow  is  afl'ected  by  rainfall.  According  to  the 
reports  of  the  TiMith  (Vusus  it  then  had  a  flow  of  100  to  150  cubic 
feet  per  second,  while  on  August  18,  HUM),  it  had,  according  to  II.  B. 
Shaw,  a  flow  of  l'J5  second-feet.  The  minimum  flow  determined  in 
li)04  by  Mr.  E.  Johnson,  jr.,  of  the  United  States  (Jeological  Survey, 
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was  BG  ?H»<?(iiid'fiH^L     U  liu^  Imhmi  vitiliztHl  nn  h  wari*r   power  in 
jmst  and  has  lj©t?n  ^xnihidtiH^d  a^  a  source  of  WHtt>r  Hiip|>ly  for 
fity  of  St.  Ijchtis  ill  roiinf^rtioii  witli  Watin*  Furk  nf  MeramtH-  R'n^ 
into  whirli  it  !ft>u>  at  n  imuiU  a  I  Hint  on**  ha  If  milt*  from    itn  siiur^ 
ttiid  12  fi'L^l  Iowf*r  tluwii*     Thi'  tnaxinium  eouihim^d  flow  of  tbo  H 
!<tn*fUiis  has  hvi^u  tmunl  hy  Mr.  Jolin>i*in  ttj  W  U^jO  sen md- feet. 

H*ulhtfj  Sftvitiij, — Boiling  Spring'  ih  l<H:atc.Hi  in  T*  'M\  N\,  R.  10 
fV  iiuli*!4  ill  »  i^niitlK*rly  ilii(H*tioii  fi^nii  ArUii|tffan  jiiis^t'offire.     It  \^tt 
from  tlic'  ImhI  and  Inmk  nf  tiuMimadc  Kivor,  iit^ar  tho  basi*  of  a  hi| 
dolfHiiitir  liria^lonc  Ijhiff*     Its  wjUer  is  nf  a  hhiish   tingt%   withotiL 
iKlor  or  taste,  bnt  rather  hanh     It  in  not  <*spmii!ly  muddy  even  ai 
rains,     Tlie  toin|K*nitniv  is  'lO     and  thr  fluw  about   150  ^'ixnid-fe 
liiit    no   tist*  us  ni>w    tiiadit  uf  the   waler  either   fur  power   tH*  oil» 
piirpc^e*5. 

IIZAHK  UrxaciN  IN  AlfK-VKHAH, 

l»E«<KII*TION    U¥    MAMMirrH    KrttlXO* 

MtHTHiinth  spring,  which  is  owned  by  Napoleon  Iliil  and  th<*  heii 

of  J.  \V.  (.\M'hraru  i^  hK^aied  nt^ur  die  line  In^tween  sees,  5  and  ??<»  T.  ^ 
N,,  R*  5  "\V,,  alMint  niie-ei;rhth  mile  in  a  nortlierly  tlii\H*tioii  from  Maiij 
innth  Spring  past-ufliets  It  issues  as  u  snbterraneaii  strtuini  near  til 
ba^e  of  a  high  i-herty  limi*fttont^  f)lnff  ("Third  Ma^iej^ian  Htiiestonc! 
of  Swallow).  The  ronrj^e  id  the  nn«ler;jfrnund  river  fet'din^  t\u 
^'prinK  is  thought  tn  1k^  tnarkf^i  in  Howell  County,  %  miles  north w< 
hy  a  sink  liole  thr<H*-ftHirtlis  miU'  l<ni*^  krutwn  ns  the  "(Irand  (lulf/ 
The  spring  itself  is  (M  feet  (h'op  at  its  mouth,  the  water  apparently 
issuing  from  a  large  cavernons  opening  and  from  other  large  crevices 
in  the  roek. 

The  water  is  described  as  having  a  bluish  tinge,  but  as  being  odor- 
less and  tasteless,  and  having  a  temperature  of  58°  or  59°  in  summer. 
The  amoimt  of  water  is  somewhat  atleeted  by  prolonged  droughts, 
the  water  level  varying  ^>  or  4  inches.  The  water  is  hard,  having 
about  158  parts  per  million  of  lime  and  VM)  parts  of  magnesia.  Car- 
bonic acid  to  the  amount  of  'J()4  parts  |)cr  million  is  reiwrted. 

The  flow  has  been  report.ed  to  be  as  high  as  850  second-feet,  but  in 
1904  it  was  as  low  as  150  cubic  feet  per  second.  This  is,  however, 
probably  about  its  mininnun  volume.  A  large  hotel  has  been  con- 
structed and  a  park  laid  out  at  the  springs.  The  water  is  now  used 
for  power  by  a  flour  and  cotton  mill  and  further  developments  are 
contemplated. 
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Fort  Foster,  well  near 123 

Fort  Stark,  well  drilled  at 124 

FoflsilB,  occurrence  and  character  of 197-196 

France,  hotspringsof 185 

ponds  in.  method  of  draining 81 

Frog  Bayou  Valley,  Ark.,  data  concerning.       87 

Frost,  effect  of,  on  ground  water 144, 147 

Fuller,  M.  L.,  paper  by,  on  Construction  of 
so-called   fountain  and  geyser 

springs 16, 4fr-50 

paper    by,    on    A    convenient    gage 
for  determining  low  artesian 

heads 16,61-62 

on    A    ground-water    problem    in 

southeastern  Michigan.  20-21,129-147 
on  Certain  large  springs  of  the  Ozark 

region,  Missouri  and  Kansas...  23-24, 

207-210 

on  Two  unuFual  types  of  artesian  flow.  15-16, 

40-46 
work  of 10-15 

G. 

Gage  for  determining  low  artesian  heads, 

description  of 51-62 

form  and  application  of,  figure  show- 
ing         62 

Gage,  steam,  description  of 61 

Galena,  Mo.,  water  supply  of 77 

well  at 83 

Galena  limestone,  occurrence  and  charac- 
ter of  69,71 

water  of 70, 71, 161 

Gasconade  limestone,  spring  from 207 

water  from 209 

( iauley  coal .  occurrence  of 66 

springs  from 66 

(Jenesee  shale,  (K'currence  and  character  of .       56 
(ieologic  formations.    Sa.  indindiml/omia- 

tion  names. 
(leologic  history.    Sec  individual  SUitts,  rc- 

ifions,  etc. 
Geological  Survey,  publications  by,  on  un- 
derground waters 24-29 

(ieology.     S*T  indiridunl  localities. 
Georgia,     warm    sjirings    of.     Sfc    Warm 
Springs,  (Ja. 

work  in 13, 23 

(i«'rrish's  Island.  Maine,  well  on 123 

<;iaeial  depo'^its.  (K'currence  of 53 

(Jlacial  drift,  character  of 132,166-173 

occurrence  of 30, 132 

lM)nds  in.  character  of 30 

dniinagc  of 81-39 

types  of 161-162 

(ilacial  drift.  .stratitiiMl,  delta  tyi>e  of,  char- 
acter of 22, 166-173 

delta  type  of.  section  of 170 

structure  of 169-173 

water  of 161. 17:M7H 

deposition  of 177 

Scf  nlit«t  (iintoii,  deltas  at;  Na.shua,  gla- 
cial lakes  at. 
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GlacUil  fiATeli  n««r  AukimIa.  Me.,  mter 

pupplyfrom IM-m 

Glacial  tin.  (KTnrrenM  of IM 

Olaapnr,  Wm.,  Jr..  examination   of    hot 

springBbjr 904.a0i 

QtenGalrn.  N.Y.,ipt1nitncar M 

Glenn,  L.  Cm  work  of 14 

Gordon  HoUow,  If  iMOori.  apringa  in 79 

linciferooa  nprlnffa  and  minea  of 77 

Grand  Falla  chert,  occurrence  and  chamc- 

terof 7ft 

springH  from 78 

Gmndglaiae,  Ark.,  limestone  at W 

■action,  geologic,  at.  flgureihowing M 

upringaat IIS 

water  at 109.11S 

Grandglalae  area,  Arkanaaa,  eronlon  of M 

Grant,  U.  8..  paper  by,  on  Water  renourrea 
of  the  Mineral  Point  quadran- 
gle, Wiaooniin 18,87-78 

work  of 15 

Grany  Creek,  Went  Virginia,  falls  on 66 

Gray.  8.  M..  sketch  map  by 157 

GreatBasin,  hot  springs  in 185 

Great  Gacapon  River.  West  Virginia,  char- 
acter of —       60 

power  plants  on 59 

Great  Plains,  hot  springs  of 185 

Great  Western  spring,  Missouri,  character 

of 79 

Oreen  Lake.  New  York,  water  at 182, 184 

waterat,  analysisof 18S 

Green  Spring,  Missouri,  character  of 79 

Greer  Spring.  Missouri .  description  of 208 

Gregory.  W.  M..  work  of ,. . . .       15 

GrusKC  Isle,  Mich.,  descrlpticiii  of 13H-140 

watrr  supply  of 1^^140 

wt'll  on.  (lata  coiictTinnu l;ft>  14.1 

intluriuT  ^^i 1 4l-l^;{ 

virw  (»I 140 

\vat<T  of.  aiialy>is  of i:^y 

<ironiul  wator.    Srr  Wator.  undi-rjirrouiKl. 
(JrouiKl  \vrtt«-r    ]»rohl»>i»     in    soullu'aMorn 

Miehip\n,  suiuinary  of '.  20-21 

(irovi-  C'rofk  Vallry.  sj>rinir  in 7f< 

(Jnlpha  Croi'k.  .\rknns4is.  area  (lrain«*(l  by. .      192 

H. 

Hale  sandMlono   mcnilxT.  (KTurrenco  and 

oharaoter  of so,  87 

water  from Hi\-H7 

Hall,  ('.  W..  work  of 11 

Halsey  Valley,  N.  Y.,  spring  near :m\ 

nancook  (luadranKlo,  West  Virginia,  Mary- 
land, and  Penny*ylvania,  bridges 

in ,^S 

general  <'onditions  in  58 

geology  of ."iO 

springs  of 59 

streams  of eO-Ca 

topography  of 58-59 

water  resources  of 58-r>3 

Happy  Hollow  .Spring,  ArkanKas,  eoiupari- 
Non  of  I'oland  Spring.  Maine, 

and 201 

water  of.  eharacter  of '201 
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Haywood,  J ,  K , .  aiia1y«L«  l^  ,.,.,. . 

[(Irkory  I'luiiiM,  Ark.^  Ht*iffn>ti  tfnam 

to,  nsitr?  Khow iii^  ,  ^  ♦:  ^  ♦  ♦ . ,  ^ , . ., . . 

HJJ1.  CioTcncifir  J ,  K.,  rf«4«#*t  of  ^^.,, .,,,,,_ 

Iini«ihliiiii1,  W.  F.iili  J<it»Tlti  dlMfli^l  wvtffT^ 

HniU«tcr,  a.  U..  paiwr  t>|-.  tm  Wniwtm  ^f  a 

gmvel  nikHl  TmlU*y  ntmt  Tiillr* 

N/V,.. ...     ^-^^t7>-tm,% 

wi>rk  *-»t. ..  ..-,\. .  .,.*....^., ..*.,^*.,»^ 

Hoiolny  CK*k.  W.  Va,,  falln  i^i ^..^ 

lto|iMluH.  T.  C'..  tnk  %V  f!lj|Jf  fnrttMtt^  ..... 
Horl*nnii.  wiH^r  bi'w^itig.  Ioej.iJi»n  <if ,,  ,,, . 
Honnu,  r«rl.  statlsUen  vl  flmii*  wel^  far* 

nffHhi^  by... *,.*,»,,. 
Ilorton.  K.  K..  t^p^r  hy,  on   0ffii»M^  at 
Tiond* into  drlllMl  wviK,,^.  thM 

wofk  of *.--.*♦*>-, ..-,,,,^*,.,**,, 

Hnt  t^prlng^.  Ark^,  trhaniotet-oC  .«..  9^199^11 

dliohargcol .-..*.^, _,,....  1^1 

^lumLlim  uf  ^*».*...-*..-,-»,,,,,,«,,,,^  304-1 
ffwilji*  jit...,, , ....... -.,.»„.„,,,,,^p  1)f?^l9< 

^r»oU«:lp  fclalioiip  oi< « ..-,....,.....      M 

hMt»t>' of.... ..«..  1>^2«F 

hot  lipnttgH at*. *,*«.,.  Wh 

wftttm  of  .H ,,**.......,. ip^av 

('lirinu-li»tr  mi . ,  |lt$^  l^9-^a(»,  ^m-2m 

r'f ilTI pTWl l!( JR  fif , . .  ^ »  , , , 
teiupctmtun:'  itf  ••***— >—,*  W.!! 

ioiiaiot^  nf. ,.....„,,,,.,. .,,,  IfVllff 

TTinniigi«mi-tU  uL  ♦ . . --.,..,,...,  as*  Ml^4!<l 

Mil n I II ttt hi*  OiCMir.  FhamotCT of  >...,, . . . .     ly t 


Tvgion  of.  character  and  loeattmi  of. .  M^m 
ellmateof IM 

elevationnin 191 

geology  of 19^196.201 

history  and  management  of 189-190 

map.  geologic,  of 192 

nnksof 19»-191 

stnieture  of 194-196 

t<»]M>graphy  of * 190-19S 

sections,  geologic,  at  and  near 194. 195 

source  of 204 

tufa  deposits  of 199-200 

water  at.  analysis  of 188. 199, 202-208 

HotHprings.  s.  Dak.,  hot  springs  at 185 

Hot  Springs.  Va..  waters  at,  data  concern- 
ing       186 

Hot  Springs  Mountain.  Ark.,  rocks  of 196 

section,  geologic,  through •. 195 

water  in 191 

Hoxie,  Ark.,  well  at 110 

well  at.  gravels  in 94-95 

section  of 95 

Hoyt,  J.  C.  work  of li» 

Hudson    River    shales.      See    Maquoketa 
shales. 

Hudson  shale,  water  in 151 

Huron  River,  Mich.,  course  and  character 

of 181 

water  shortage  along 130-131 

Ilnron  River  region.  Mich.,  wells  in,  de- 
cline in 137 
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Huron  River  nidoii.  Mich.,  wells  in.  nupply 

of 14«; 

II y(ln>lof?y.  divitiion  of.  orgtmization  of 9-10 

division  of.  work  of *.M2 

work  of.  map  showing 11 


I. 


iKneous  rocks,  occurrence  and  character  of.      197 

Indian  Mountain,  faulting  in I*>1 

Indian  Springs,  M<1..  spring  nt I'lO 

Indiana,  ponds  in,  character  and  drainage 

of :ta-3y 

Indians,  Arkansas  hot  springs  known  to. . ,      \V9 

quarrying  by,  method  of 19<i 

Infiltration,  diagram  showing lOS 

Iowa,  water  supplies  in.   .Scr  Waterloo,  Iowa. 

work  in 14,21 

Iron,  l)og.  occurrence  of 112 

Ithaca,  N.  Y..  location  of r>3 

water  supply  of.  source  of T)!.  r>7 

wells  at .'vl-.V) 


J. 


Jackson  Hollow,  Mo.,  springs  In 79  i 

Johnson.  B.  L.,  work  of »..        13  ' 

Johnson,  D.W..  work  of 12-13  i 

Johnson,  E.,  jr.,  notes  furnished  by 207  : 

work  of 14  I 

Johnson,  L.  r.,  work  of 14  i 

Jonwboro,  Ark.,  water  supply  of 112  ' 

Joplin.  Mo.,  springs  near,  character  of 78-79  ' 

water  .«*upply  of 77.  Hi 

wells  at S3  ' 

Jcplin  district,  Missouri-Kansas,  drainage  ' 

of 74-7;'!,  7tJ 

geology  of 7J>-7r» 

lead  and  zinc  in 71 

location  of 1>,  71 

mine  water  in.  |H>llulioii  l.y 1«», 77-7x 

springs  in.   ocMura-iue  iin«l   chanut^T 

of ly.TK^so 

walrr  from,  ami  lysis  of 8'i 

streams  in.  rhanictrr  of 7 1-7.S.  T«". 

domesti<'  >m|»I'>>  irmn 77- so 

yM)Wcr  <lrrivi«l  iniin 7»»  77 

t4)pograi»l»y  nf 1^,71 

wells  in.  i-las-^i-s  an«l  «l«-s(rii>tion  of.   .  l«»,  m>-k{ 

water  fr«»m.  aiialy>i«;  of sj 

Jonlan  sandstoiM.  wat«'r  in ivj 


K. 

KalamazrK»  I<iviTV;ilIt\  .artr>inii  \vat«T«>in.  :;i  :{_' 
Kansas,  .foplin  (li'«tri<t.     >*'  .loplJTi  <li>-trift. 

work  in 1*^-1'.» 

Kentucky,  work  in U 

Kesnler  limcston«'  Imtil,  <•(■(  iirniHi-  ci V) 

Kettle  hole,  vi.'w  of nvt 

Kindle.  K.  M..  ]».ip«r  f.\.oii  W.ii.-r  n-ourr.- 
of  Catiitoiik  <jU:ulranL:lf.  New 
York If.  I7..".:{-.'.7 

work  of i:> 

Kittery.  Mf.. -uaTiij.v  ;it IJI 

water  siipply  i.f liM 

Knapp.  (f.  N..  work  of l:i 


L.  I»Hge. 

I  jikes  near  Tully.  N.  Y..  character  of 181-182 

<lcs<Tiption  of 181 

water  from,  ainilysis  f>f 1K3 

Ijind  .Hubsidence.  encnmchment  of  sea  as 

n\*iult  of,  diagram  showing 102 

Lane,  A.  <'.,  cooi>erHtion  by J5 

l^ad.  tM'currence  nt 67, 75 

Lee  <  'reek  Valley.  A rk..  data  concerning. . .       87 

lA'verett.  Frank,  work  <if 15 

Lines.  K.  F.,  work  of 11 

U»ng  lslan<l.  X.  Y.,  artesian  flown  on 41-42 

KH'tion  on,  diagram  .showing 41 

lionoke.  Ark.,  rice  culture  at 112-113 

I^)uisiana.  work  in 14 

Ixiwell,  Kans.,  water  power  at 76 

I/ower   Magncsian    linit;st(me,   occurrence 

and  character  of 69, 70-71 

water  of 71-72 

M. 

MeCallie.  s.  W..  c«K)perati(m  by 18 

Magnctian.  I>»wer.  lim(>stone.  Ser  Ix>wer 
Magnesian  limestone. 

Magnet  <'ov»'.  Ark.,  ro<'ks  at 198 

Maine,  IV)rt»«mouth- York  region.    Ser.  Ports- 
mouth-York rt*gion. 
water  supply  from  glacial  gravels  In. 
*  Ser  Augusta.  Me. 

work  in 12.20-22 

Mammoth  Spring,  Arkansa.s  description  of.      210 

Map  of  lak(^  near  Augusta,  Me 157 

of  Michigan 138 

of  vicinity  of  Tully.  X.  Y 180 

Mai>.  drainage,  of  northiMi><tem  Arkansas..        90 
Map.  geoh^ic.  of  Hot  Springft,  .Ark.,  region.      192 

of  l*alezoic.Tertiary  contact 92 

Map.  Index,  showing  extent  of  hydn»logic 

work 11 

Map.  rainfall.  <.i  Mi<'hi«:an \2i) 

Mai(|iioki'ta  >lial«'.  occurrfMcr  and  charuc- 

tiTof 69 

Manillion.  N.  Y..  wmIit  power  at r>7 

Marhiit.c.  K..  on  Crowlcys  jJidKC.Arkan.KHs.        V^ 

.Marvloii.  A.,  work  of 149,  ir^l 

Martin.  «;.  {.'.,  and  Sio>'-.  H.  \\  ..  \m\»'T  by. 
on  Walrr  n's«iurri"^  of  the  Paw- 
paw and  llMii<(H'k  «inadningles. 
Wo^t  Vir>fi!iia.  Maryland,  and 

l'enn>\lvania 17.5K-63 

Maryland.  Ilaiu-ock  M<»»<IraMulc.    Srt  Han- 
<-(K-k  (|iia«1raiiirl<-. 
Pawpaw    nuadniniflr.      St  f     |»awpaw 
•  juadranKl''. 

work  ill 13.17 

Ma^^arlm-cil-.  work  in 12.22 

Mi-diiia  ijuariziU'.  ofcurn-nt'i-  of .VJ 

Mi'siinrr  Sprin-.:.  MivMniri.  (b*scriiiti«»n  of,  •.lli'.^-JlO 
Mi<'liii.':in.  art»"<iaii  condition-  in.  ty]M»  of. 

flirtin*  «-howini; 14 

artesian  flow  sin 12-11 

drain  wflls  in.  <lata  i-onct-rnim,' 31-39 

locMliontif :iH-3?» 

drift  oi.  walrr^of.  invr^tiu'ation  of 42-44 

.Fa<kM)n<'oMnty.  drain  Will  in 31.37 

jmukIh  in.rharai'ter  and  dniina^'c  of 'M)-Z9 
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Xldklgui.  water  tebta  tB,  aetiiia  and  Umo- 
ntkal  pcHltkNUor,  flforedioir- 

hm 1*1 

WOTklB lfr-lt,9-21 

MWpwHiimiiw^tTi,  climate  of..  lSl.144-146 

di  r  r  ^T„ri,.ti  in         1«.14I»1M-147 

gMlfVTOf Itl-1H1« 

gromid-water  pfoUem  In,  paper  on..  12»*147 
US 

!» 
rock 

»cluoL.„  1«-W4 

UipuffT*pM(?  fiMtufp^  of MO-lSl 

waternpplleiof lM-147 

eonditlooiof UI-IM 

decUneof 90-21, 1»,I4IK.146 

areaof 12»-130 

oanMOf 140-146 

wamSnsfrom 140-147 

weUiotc*.[..ri  ,  1S4-140 

MIUtaiT  Hiii^'v  ^  iMxKi*iu ,  elevation  of ... .       08 
MlnenU  f^Lut  (|umilmtif ks  Wleoonaln,  tfrl- 

CilltufalpKHiliictiof 07 

WwHot^yKd 18,00-70 

1..„,1 -,Ti.*  :i^icln.         18.07 

location  of 10,07 

rainfall  in 71 

reeotucea,  general,  of 07 

leetlon,  ideal,  in 00 

■oil  of 00-70 

■pringiof 18,70-71 

■trramiof 71 

topography  of 88 

water  powers  of 71 

welbln 18,71-78 

Minncfmta,  pondw  in,  character  and  drain- 

aKc  of 80-39 

wt)rk  in 14 

Minturii.  Ark.,  Wflln  at.  wction  of 95 

Mimiwippi.  work  in 14 

MisfLnsippi  omUiynient  n-ifion.    St:*-  Arkun- 
SHM.  lowlHndH  of. 

Missiwippi  ValU'y.  Iiot  nprin^fM  of iHo 

Miwiflsippian  nn'ks,  occurrence  and  cha rac- 
ier t»f  ! 75 

MiHKOuri.  Joplin  district.    .^'C^f  Joplin  diHtrict. 
Ozark  rejfion.    NVr  O/ark  reKi<>t>. 

work  in 14,  Ih-19,  2;t-24 

MiflKouri  Li»ad  and  Zinc  Coniimny's  well, 
(^arlersville,     Mo.,     water    of, 

analyKii*  of S2 

MiiMOuri  Utad  and  Zinc  ComiMiny'H  well, 

injhlin,  Mo.  dc^Tlptiou of si 

water  fn.»m,  analy.xis  of 8*2 

Miwouri  lA'ad  and  Zinc  (\un{Mny'N  well. 

Webb  City  >r  a  i,  character  of...       si 

water  of,  analyxin  of 82 

Monroo  bedM,*  n  liiiTTcncenndchanu  tcrof .  138-i:i4 
MooreHeld  nhale,  iKH-urrtfuct'  and  character 

of 100 

Moorman.  J.  J.,  on  Berkeley  Springs,  1859. .  60-61 

Morrow  formation,  watcra  in 107 

Moaeley.  C.  B.,  well  of 122 

Mount  Agamcnticufl.  N.  H..  ponds  on,  water 

from 20,121 


Mud  Uke,  New  York.  wy«c  at,.... tl&m 

WHtvral.  aiiatplpol.,... .,.^..^.^     Ml 


mf^mrmmw* 


K«t)tkok«.  K.  v.,  ^ring  tioar 
tlanJifcta,  Mttm^t  gla^al  tak^  nt,  ttft'^i^ti  la. 
Sfr  f.-itattiti,  ilellaa  at. 

glacial  take*  at. txlitoirr  Of.,. « ..•«     m 

Na>)jtta  Flata«  Mam.,  eroaHKi^lopa  oL  view 

of.. ,.....,. ._. 

KiPlllia  River,  o^mm  and  ctianai^utr  nf  ,  ti 
Kew  Kngiand.  glaelal  drill  i«r.  typui  Af . , ,  lil'lil 
N«v  HMnp^i*TTt  liivf^ftitgiOloiii  to  ... . 
i-Voik  rtgton. 
mmith^Vork  miloit. 

tn... ._.  US 

New  Jet«>'.  work  In  . ...., ,.,..*_...,,       33 

K V w  V  or  k ,  Olattmk  Arvm.  ^^t  r^tatocik  arm^ 
irnnitHl  wati*r  tii.    H*?f*!  THt^%%  S,  Y. 

work  in IS-lS.ltt-lTp^^gl 

NcwiLrk,  Ark.K  iffa^ela  at,  water  In. ^«,«..  100, tn 

m^uion  aj ..m.^^^^^,,..  „ ,.     14* 

tprtangi  at. ............  .,„.;.,„  -,,,..,.      I II 

Kcwdrk  VttUi-y ,  N.  Y.<  watvr  iKTWinr  at ,  *  ^ . ..  W 
Nt* wcnAtU'  1  111  atul ,  w#ll  *«t ..  ^  ,..,.«,,*,,, .  „  IS 
S  V  «f  XKtti ,  Ark. ,  water  siiitpJ  f  of  .*.,_,  ^,  _„  ^     ta  I 

m'K':tlr»ri  t»C  ^ - fT 

K  c  M  |N  it t ,  M  Ich. ,  a^^)'  a  t .  da  tn  otmccr u  I  ti#  tIS 
Niagara  BtfLvaiion««  oec.un^cneff  aikl  t±aEac> 

l«rof.,.*^,.,,*..^.«.*^.^««.»»       m 

water  in .,.«.«.»..«....^.. .,...«,      tSt 

Nieholat  fiimdfiinjfK  Wcni  Vtrjclnta.  rnltl 
vation  of ....... ^.c 


drainage  of 17,00 

geology  of 17,00 

it-^nt nUi\  chnmctcrof 17,01 

watt^r  r**cmrt'^'<  of 17-18,05-00 

N«)rth  Carolina,  hot  springs  of 186 

North    Dike    Plain,  MasHachuaetts,  kettle 

biik'iti  vli'M +'f       104 

Norton.  W.  It.,  puiicr  by,  im  Wat«r supplies 

at  Waterloo,  Iowa 21,140-156 

work  of 14 

Norw(KMl.  i\  .1,,  cooiK'ration  by 14 

Novacuate  hn»c<Ma.  «H'currt»nce,  chanuster, 

and  iiM'of 190,196,196 

O. 

Oncotu  limestone,  water  in 152 

onoiida^^a  Creek.  New  York,  source  and 

llowof 180-104 

Ordovician  nx'ks.cK'cnrrenceand  character 

of 97-90,207.200 

waters  in 105-100 

< )weK<».  N'-  v..  water  j>ower  at 57 

()wcir«>  Creek,  New  York.  }*pring  near  mouth 

of 56 

OwcRo  qnadran^Ic.  New  York,  mention  of.       68 

Owen.  I).  l).,on  Arkansa.^  Hot  Springs 204,205 

Ozark  Mountains,  hot  springs  in 185 

Ozark  reRiim,   ArkansaH-MisHouri,  general 

conditions  in 24,208 

geology  of 24,207 

l«M>ation  an<i  character  of 74 

springs*  o'f 28-24,207-210 
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p.  Pi«e. 

FMlflceoaitraffloD^hdtspiingiof !»• 

Paleosoic  area,  Arkanaaa,  geologj  of,  flgure 

showing 101 

Paleosolc  escarpment,  chaimcter  6! 101-102 

pftleoioic  iTglon,  Arkamw^,    See  Arkansas, 

hl^hliindfJ  (it- 
Paleosoic  focki^,  Inter  fommttmiB  and,  rela- 

tlonsoC 10»-104 

later  formations  and,  relations  of,  see« 

Ut}ti  sliawtng^   i 108 

le&^a^e  from     lOft-lW 

wcurroncenivl  character  of <»-»,97 

PwipfiiZoioUtiie^  events  In  70 

F&le<iu:»it.vT^ttlBry  conuic  t  in  Arkansas,  es- 

curpmeiituf     101-102 

jgwlogiphlstof>'of 1(©-108 

nation  o't  Llminifig^i?  of 01 

gvitj^mphy  ot     88-90 

fwlogii^  Ijitujryof W-96, 101-104 

.     geoloffyof 91-101 

location  of M 

map,  geologic,  of 02 

topography  of »-01 

water  resourcM  of 105-119 

section  through,  ilgare  showing 102 

springs  of 105-107,118 

Gtnif'iurcnt,      105-104 

welkof,  105-107. 115-119 

See  abo  Arkansas,  highlands  of;  Arkan- 
sas, lowlands  of. 
Piawpaw  quandrangle.  West  Virginia,  Mary- 
land and  PennsylvsAila,  bridges 

in 65 

g^tiemL  eondUioBH  in 56 

geology  of 69 

springs  of * r  00-58 

streamsof 69 

topography  of 68-59 

>viiter  Tesrtwrpcuof 69-58 

PtCiitomen  Rivt-r,  Wj-^^^fi'^iri   ,y}vf,r,uU'r  of.        71 
Peking.  China,  well  at,  sinking  of,  esti- 
mate on 10 

PennfylTfttilfiH   Hancock  *llm^lrallgk^     See 
Hancock  quadningle. 
Pftwpaw  cjtjarl   angle.    See  Pawpaw 
quadrangle. 

work  in 17 

Pennsylvanian  ffMrksTO^of^^tice  and  <!har- 

acterof 66,75 

Penrose.  R.  A.  F.,  jr.,  section  by 101 

Penters  BlofT,  Ark,  nx-ks  til        98 

Pemvian  tkivuiroint^nl^  n;.'mn:"*it  ii>f,  for  geol- 

<>gii?l  10 

Piedmont  I'liii n ,  Otn irg l& ,  wa rm  Hpring  in . .      187 
Pi  ne  Moll  11  talti ,  Q  eorpi  a,  4t*si^ri  p  i  ion  of  ... .      187 

faulting  on IW 

rocks  of 187 

Pipe,  drain,  entrance  of  water  into,  diagram 

showing 36 

flow  in 35-37 

month  of,  diagram  Hhowin^ 35 

Pipe  Creek,  New  York,  spring  on 55 

Pitkin  limestone.  occurren<Mf  and  character 

of 86,  H7,  lOO-lOl 

waters  in 85-87,107 


Platt»Tilla»Wia.,moiiiidaiMV OB 

PlattefTine  Hmestniw,  ocenrrmce  and  char^ 

acterof :      59 

water  of ».. 70,151 

Poland  Shi^M'm,  M .ime^WmDflffiBfreFHappy 

llvOlowSpdn^,  Arkj&ri!*oj»,aild..     901 
P6Uutioa  if  wAter  In  .Toplsu  district.  Mia- 

»}(;K-K«n$as. . 77 

Ponds,  drslnage  of ,  Into  wdia 15,a-59 

drainage  of,  into  walla,  diagram  show- 
ing  !*.» 

in  glacial  drift,  ohaiacter  of XK41 

Portage  sandstone,  occnrrence  and  ehar- 

PortsmoQth,  N.  H.,  water  nupply  of SQ^m 

Portsmouth  Harbor,  forts  at  moath  of, 

wutt^raiippty  <if 1)0,122 

PnnHmoiuli'Vcirk  r«Klon«  ?ft.-w  Hampahiie 
and  Maine,  geologie  oonditlODB 

In -.-  20,124-127 

location  of MO 

rocksof 1«-1» 

jointing  in 12» 

water  storage  in 125-127 

water  resources  of 20,120-198 

water  san>ly  of,  sources  of 120-194 

weUsin 20.121-194 

flowof.modeof 125-197 

Potaah  Sulphnr  Springs,  ArkaoMa,  rocks 

at l«i 

Poitomac  River,  rhiinict^rof 86 

trlbular^eff  uf.  ctuLrarjt^'tof 69 

Potsdam  Nindxtonc,  fKxriirreneoand  chaimo- 

terof 59,79-78 

water  supply  from 79-78 

FOttsrille  group,  occurrence  of 55" 

PiairieQroYcAriE.,  spring  at 85 

Precipitation.    ;%e  Rainfall. 

I'rf^-Tertiarv  tlnn\  ei^iiflliioivH  in,  in  Arkan- 

sa*.  91 

Prusfda,  hott^jfring^D^ 186 

KublitiitlonBby  Getilffffiirfll  i^urvey  on  under- 

srrtmnil  wat*^n?  nf  United  Stntcs.  24-29 
Purdue,  A.  H  ,  ].u  \  pc  r  Vi  y  on  Wa  ler  nSftOurce«J 
of  the  contact  fcgbri  between 
the  Paleoaolc  ivnd  SlL**-!-^!!*!"! 
Cimbaynic^tu  dL'TKieitv  in  north- 
em  Arkansas 19-20,85-119 

on   Water  resources  of   the   Winslow 

quadrangle,  Arkansas 19,84-87 

work  of 14 

Q. 

Quapaw  Indians,  lands  ceded  by,  to  Gen- 
eral Government 190 

Quaternary  deposits,  occurrence  and  char- 
acter of 94-96 

Quatemar}'  time,  conditions  in,  in  Arkan- 
sas  9M5 

R. 

Rainfall  in  Arkansas,  amount  of 108 

in  Michigan,  map  showing 180-181, 145 

in  Mineral  Point  quadrangle.  Wiscon- 
sin        71 


tils  TNDKX. 

Kfdvll  wfll.  .hiplin.  M(»..  \viitiT  of.  }inal>>i*>  Silver  l<Hkf|HintK  loiticKiaaiiildcwription 

ot vj  of LST-l-V 

Kill m1i' IMjuhI.  work  in I'J  rcliit it »iim  of  Spring  Bntok  and IW 

KichuiMNi.  W.  Vm..  \viitvrMi|ipl\  of ev>  xprinto*  mtir l.'iT.lffi 

Kimrinjr  SuriiiKM  II«>n«»w.  Missouri,  spriiifrs  wiit«T  IcvHs  in.  elevfttion  of I.t* 

in TV  wiitiT  Hiipply  from *Jl.  IfiO 

K«K'k    llow*    in    MMithvMMiTii    Mirhiuan.  SlatiTvillo  Springsi.  N.  Y..  welli*  near ift 

rhanictiT  <if 44-».'>      SUt'py  <'rot'k  MoiiiiUiin.  Hltltiido  of W 

K<N'kw«NNl  ri'^rion.  MirliJKan.  w<'lN  in.  <l«*-  r(»cksof h9 

<«lino  in 13T-13H  SloiijrhK.    luirii>d.    in    Arkanrnji.    dUirram 

K<Mky  Mountains,  hot  >prinK>*  i" l>^'>  «howinK 112 

K«»jftTN.  W.  H..  analysis  »»y tVJ  woUs  in.  wator  of U2 

on  Virjrinia  hot  sprinK>* !><♦»  ,  Smitlj.  K.  A.,  cooitoration  by 13-14 

Ru<ly.  Ark.,  spring  ninir hT  j  Smith.  <;.  0..iiii|ier by. on  Water  redouroai of 

Kun-oiT.  farts  ••oniTrnInK    U»4-H).'>  j  rortsmoiith-York    rcfrion,  Now 

Kn^'srll  and  Tiinu-anrx'.  on  drain  wills :W.:i7  Hamiishire  and  Maine  ....  20.]20-l2!i 

])H{N'r  by.  on  Wator  nupp]}*  fn>m  Glaoial 

Knivels  near  Auffiuta.  Me 21-2J. 

St.  Clair  formation,  <»<'<urn>n(>(>  and  charar  IfiS'ltiO 

tirof 9H.vf.»  work  of 12 

St.  .J«K' limi'Slono  inomlH-rof  Il<K»nf  fonna-  Smith.  W.  S.  T..  pa]»er  by,  on   Water  re- 

tion.  onurmu*'  and  ilinnictfr  soiin-w  (»f   the  Joplln  dititrJcC, 

of W  Missouri- Kaiisan 18-19,74-^ 

St.  Ijiwrrnci'  formation.  waliT  in l."»2  work  of 14 

St.   Loui'^,   Iron    Mountain    and    Sontlu-rn  Smith  ('n>ok.  N.  Y.,  spring  near  head 96 

Railway.   Arkausi>.  rlrvations  S«>n»f  l^kc.  N.  Y..  water  at 181,lA2,lt<4 

alf»n»: *^y  wat«*r  at.  analysis  of itiS 

.<t.  IN'trr  •^n»l>tonf.  iKiurn-nri'  and  ihar-  SiKHMNvillc.  N.  Y..  npring  near W 

artrr  of r,«j-T2      SiH-n«'««r.  N.  Y..  spring!«  near MW* 

watrr  "»"|»|'ly  fn»ni 7().  71. 7'J.  ir>l  152  Spring:,  fountain,  construction  of.  diairram 

Sand.  \v«'lN  in.  rtow  inmi  12  showing 4?* 

Saml.  r«»ar^*.'.  Krain>  of 42-4:^  <M»nsiru<'tion  of.  method  of 47-49 

grains  »»f,  chararti-r  and   n-lations  of.  dctinition  of 17 

iiKMiri'**  showiiiK l:{  Spring.  u«'y<rr.  ronstruction    of,   diagram 

Sand  hill  art'ji.  ArkaUNix.  •iM^jon  <it' «».'.  iM  -lu)winK  method  of 49 

^••(•ti«in  :nTn-..  iiiiun- ^Ik'W  iim «.»:',  .■..n^tnictitm  ando|H.*ration  of 4iKV 

w.ii.  t  i-i .      .        .      li'.'.ll:"  .i.iiiui:.'!!  1.1 49 

-.1-1.1    |.:.!'M.    .l.lM    !v|..-   ..:      w.i'.i     -ui'p'v  >i.:i:i.:  lit.M.k.  M.- ,  ti"U  01 Uk» 

•:■•!, 1  .•_■  I'.i    !"•-  ■•   .1!  .o'l- "I  -^ilv»-r  I^ikr  |K»nds  an«l Itla 

-..Ci-fl     M..     -■,.•. -1      ■■■    .:    .'..  -!!■■...:.  ■..  7-  ■Ai'.i..;    -  .iilr.- of l.'>7- 1.>,  lui 

>■  .'    .:     •.....•::.:.■.■    ■!    ■.■'..:■.-.  .'w  ..,.:  !■■.  -.v  ..1.  ;■ -ipplx  ••! I.Vi.  ltX» 

-■■!■■    ■..:-■.•■     •■  •    .•  •  I  ■■:  !■        -I.*  1:1:  1:  \ .  : .  <l.ii;i  .niicerniny; 7«J-77 

-.•.',■.•■-   :■■■,' J  .       -'      ■■■  ...•    ',  -pi -.Ti.-v  <  l.i>-'->  iiiKl  «l«'srriplion  «»f 4r»-n*» 

.-.•■I  1:,.  '.:  .1;.    '.'••  '\-    .■..■;".:i..     ;i;i.!  .  h.ii  in  l'\\...  \\  Mti-rli'o  rt'KJon.data  ctincrrn- 

A-  ;.••..:  ■•>.]".'.  Ill-  l.^O 

>li.  |.;  :i'.|   1'  M  .  iM.i"  -  mi::Mi.  <i  '-v          ...       2^:  mi     .i.-i.iiii    .li-trift.    Mi>souri  -  Kan*<*is, 

-.vik-.:  ...  U  .iM.'N-.-  i.t" sa 

-1..-1  -.  :   W.ll    ..M  u.ri.-r  . I.  .'••,.•.!■.  M'.-lii-i'i       \v< 1 1. •;;..■  ;iii«l  characltT  of 7s-M» 

.-li..,r  t  :.  .  k.  \!  I—-IM    'l;':.i  .  ..iM  .  r;.iii_-       .    :«.  77  -.'i  ni  ••.•:. i .  I",  .'m;  .jii;iilranult'.\Vis<M»nsin. 

-I.' ,;.•.•>■  ;i:..:k' 7--  .  •■■■.■.i  t  ■  ii.-,- iin<i  do-^rription  of . .        7<) 

-i.. ■.,.<■..  K  \  .1;:.  •..  Mi— •It;    -I'!   ;!■_'  Will,  r  •.<•■.:;>  i-  .;  ,.■:!.  ii--:.-';  on     2117-210 

••■ii:.   ,1!   1  \-  -  >>                                    ^n  :•;  l'.:\\|.i\\  ..v-i  n;iiii«M-k  «i»jadran^li'.«.. 

-ho: '(!.-.  k    Nli— ..i:m.  I-  il-  M.-h  ..• . .                     7;  Wt-'    \:'L::'ii;i,    Marylan«!.   and 

-1i!:!>I.::l',  W  :- .  Ill"  Mi'l- I.' .11            .    .         .         i.>*  !'• ':!.->:  \  :iiii.i.  do>rripti»in.  fir.. 

-i.ii!'/    \    K,\\.rk..i  11-1.".  -■: 17.»"Mm;T 

-■•1.  I:rij  11;:;.  W  .  -t  \:il;iii:.i.  .1  Ii  iin-l.- .»: ..-^  :ti  -..;.ii,.  in  i  r,,t.'l  StMt<->.  in»trs  <»n. .    ls.'»-2H»> 

r.Mk>ni' .I'.i  in   \\iii-l'>\\   .;ua'l:.iiiL:lt'.  .\rkan-'a*^.  <k-- 

-iii.ii:iii  .n-<:in.  .•..ii'liiioii- III  l'.«7  .iiriiiii-.' ;in.l  .l.-.M-riplion  of >4\-H'. 

.-iliir.iin    :...  k-.  <M-.iMi,  in-     mikI    <  Iuidk-I.t  iP-.ir  lu'.'.v .  N    ^■.. 'l<-vr  iption  <»f IM -l'*:^ 

•  >l .>•.».  7'>. '.17. '.»^  '.»'.»  ^,.   ..■    ,/„.'.■     ■'.!■■'  '■■..n.tiis,  .-firhljJH,  (tr. 

-•,;\.:     l..ik<'    li;t>.in.    .M:iiiii-,    l...;iti..M    aii'l  -prill--'-    liilNi.i.-.  !' -iir.-.  vjinwiim 47 

ili.ii.Ki' r  <il  ...        !.»*»       SpriiiL'^.  !i"i.  Uf"!"^;'- I'latioii'*  of ls<'i 

\\..i.  !■  i.iliii- in.  ^Ii;tp.' oi        !'•*»   ji.ti  imp'Mi.m.'.- Mii'l  I  .•■-n.-iiiK'  valui'of ]<> 

-i:\.i  I.;ikr  jM-n-l-.  M.iin.-.  <jipii'it\  oi..             lf;i»  in  tli.-  .-..ntl..  in   -t.it.-.  .lata  cont'orn- 

.  !.\itit.i!  ..I l.'»'.»  mu l.KViMi". 
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Springs,  hot.  <K'<'urrciU'e  of 2a,  IKS 

of  North  Carolina,  tempemtun;  of ls«; 

s^e  nltKt  Wann  Springs,  (.Ja. ;  H«  »t  Springs*. 
Ark.,S.  Dnk.,  and  Va.:  B«*rkHpy 
Springs.  W.  Va. 
SprinK-v.  mineral,  in  Oatatonk  quadrangle. 

Now  York 5{>-r)6 

springs  ('n.*<*k.  Ark.,  iirca  drained  by 192 

StatiltT.  Ark..  springM  at H7 

Stone.  < J.  H.,  (;ite<l 158 

Stost",  (J.  W..  work  of 13 

Stoso,  <I.W.,and  Martin,  (».  (\.  j>aporby,on 
Water  resonn-es  <jf  the  Pawiwiw 
and  Hancock  quadrangles,  West 
Virginia.  Maryland,  and  Penn- 
sylvania    17, 58-6:* 

Strata,  sandy,  flows  frf>m  nncontined  hori- 
zontal    40-14 

Subsidence,  land.    Sf-e  Land  subsidence. 

.*^ulphur  City.  Ark.,  spring  at >*7 

Sulphur  water,  (K-currence  of Txi 

Sunuiier«\ille.  W.  Va..  water  supply  of 05 

.*<wan,  James,  well  of.    .SV*;  (Jrosse  Isle  well. 
Swan  Creek  region.  Michigan,  w«!ll.«f  in.  de- 
cline In 13f>-lH7 

Sylamore  formation,  .sandstone   lentil  of. 

occurrence  and  character  of . . .        <.W 
Sylvania  sandstone,  occurrence  and  charac- 

terof 133 


T. 


Tarr,  R.  S..  on  Ithaca  wells 54 

Tenneswfc,  work  in H 

Tertiary  region  in  Arkansas.    Sre  Arkansas. 

lowlands  of. 
Tertiary  nxtks.  «K'currence  and  characterof .        W 
Tertiary  time,  conditions  in,  in  Arkan.sas . .        92 

occurrences  in linJ  1(»:? 

Tertiary  -  Paleozoic    coiilact    in    Arkans4is. 

Si'f  Palcozoii-Tcrtiary  i-ontacl. 
Third  Hill   .Mountain,  West  Virginia,  alti- 

mdeof .'»M 

HMtksof .v.> 

Third     Magnesiaii    limcston<'.    oi-ciirrcncc 

(»f -nu 

Topography.     >"  itnrfintfni   InrnhtttK. 

Topsets.  charact«*r  of 1  •.«.>- 170 

Sff.  (Uiut  GljK'ial  <lnit.  stralificM. 

Torney.  Major,  well  >imk  by.  How  oi' ju') 

Town  Hill.  altitu<lc  of .\s 

HK'ks  of ')'.) 

Trap  Mountain  Kaii^'c.  Ark.,  loi-atioii  i»f . . .       I'.M 
Trenton    iinjcMonc     »'    IMattcvillo   lime- 
stone 
Tully.   N.  V*  .  gravel  lilh-'l  \iilhy  near,  <lc- 

Kcnption  of Il-'IW,  171)  I M» 

gravel-tilled  valley  iinir   iiikcs  in ixi-iv_' 

water  (»i iso-lsi 

springs  near ls()-lsi 

vicnntv  of.  sketch  mii|>  ui iso 

Tully  Center.  .\.  ^  ..  ijiki-iuMi    wat.-i  .m' ivj 

underground  uai<i  iie:ii is,; 

Tupelo.  Ark..  se(  (loll  at Ill 

Turkey  Creek.  Mo  .  |.(.iiiiti<. II  ot 77 

Turneaure  jind  Unvv-.n.  uii  <iraiu  wilN :•..•;,  ;57 


Two  unusual  tyiiesof  artesian  flow,  |»aiHjr 

on 15-1«.4(M5 

v. 

r<lden.  J.  A.,  work  of 15 

rndergn>und  waters.    S*r  Waters,  under- 
ground. 

Uniontuwn.  Ark.,  spring  near 87 

I'nited  States,  eaatem,  hydrologic  work  in. 

extent  of.  map  .showing 11 

V. 

Van  Buren  Spring,  Mo.,  description  of 209 

Vaughan,  T.  W.,  work  of 13 

Veatch,  A.  C,  work  of 11.13,14,41 

Virginia,  hot  springs  of 186 

work  in IS 

W. 

Waehu.sett  reservoir,  construction  of 162 

Walnut  Ridge,  Ark. .wells  at.  gravels  in.  94-95. 110 

well  at,  section  of 95 

War  Department,    information    furnished 

to 10,20.120 

Waring,  W.  «.,  analyses  by 77-79 

Warm  Springs.  Ga.,  chemical  compodtion 

of 188 

discharge  of 189 

geology  of 23,187-188 

location  of 23, 187 

waterof,  analynls of 188 

Water,  flow  of,  laws  of 83-37 

Sfc  individual  loralUlrtf. 
Water,  artesian.    See  Artesian  water. 

Water,  thermal,  medicinal  value  of 186 

Water,  underground,  laws  of 33-37,  lCM-105 

ptiblicntions  on.  by  United  Statics  (Jeo- 

logical  Survey 24-29 

Water  jMiwer.     S^r  indiridunl  atrrams. 
Water  resources  of    (^atntonk    an.'a.   New 

York.  paiKT  on 1»»-17.  .'>;i-.'>7 

of  <'ontacl  region  between  the  Palet)Zoie 
and  Mississi[)pi  enibaynient  <le- 
pfj^ilM    in    northern    Arkansas, 

paper  on 19-2i).  S8-119 

of     .loplin     di-^triet,     M)^.M»uri-Kans««i. 

paper «.n is-ty.  74-m:{ 

of  Mineral  Point  jjuadningle,  Wiwon- 

sin.  paper  on l\  »»7-73 

Nieholji>!    quadrangle.    West    Virginia. 

paper  on 17-18.  f>\-M 

of  Pawpaw  and  IlancJK'k  quadrangles, 
Wc^t   Viruinia.  Maryland,  and 

Pennsylvania.  ]>aper  on 17.5^S-iW 

of  Portsnioutli-Vork  region,  N».'w  Hamp- 
shire and  Maine.  pu|MT  on.  'Jti,  P-»0-rjS 
of  Winslow  quadranu'Ie.  .Vrkansjis,  pa- 
per on  Pl.MI-.S7 

Sff  (ihff  indiritliiiif  litrtihtiis. 
Water  supplies  at   WaterNxi,   Iowa.   pa|K'r 

on Jl.llK-l.V) 

Water   "Upply   from    glacial    .irraveN   near 

AnuM^ta.  Me.,  paper  on •2\--2'2, 

l.^rt;-l«;u.l77-17S 
from    the    delta    ty[»e    ot    .sind    ])lain. 

paper  on PU-17H 
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WntvrliH),  Iowa,  conditionM  at 21, 148-1<I9 

til t ni tlon  plant  at 148-1 49 

(Mipiilatiun  of 148.  IAS 

nx*L«  m»ar LVmAl 

Hwtion,  hy|ioth(;tleal,  At 151 

itpiiiiKH  at lil,  IW 

typhoid  fcvor  at 148-149 

water,  artesian,  at.  character  of lA^^-LSS 

(lata  conc«niinjf 21 ,  150-155 

sou  rccM  of 1 51 .  152 

volume  of 15^154 

water,  ground,  at 21, 148-149 

water  KupplIeM  at.  pn)blcm  of 148-155 

wells  at 150-155 

WaterH  of  snivel-tilled  valley  near  Tully, 

N.  Y.,  FMipiT  on 22-23. 179-184 

WutkinH,  FriHl,  well  of,  data  ct>neerninK.  31.37,39 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  146.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resourcen;  (6)  Water-iSupply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — foKoB  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  alx)ve  publications  may  be  obtaineil  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  Statcys,  where  they  may  be  con- 
Rulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  (t,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  forty-sixth  in  Series  O,  the  complete  list  of  which  follows  {PP=Pro- 
fesf*ional  Paper;  B=Bulletin;  WS = Water-Supply  Paper) : 

SERIES  O,  rNDERGROUND  WATERS. 

WS     4.  A  reconnaissaiu'e  in  s<»utheR.sterii  Wiishinjfton.  by  I,  V.  Riuwell.    1897.    %  pp.,  7  pis. 

\VS     6.  Underjrrtmnd  \vjit«*rs  of  wnthwosteni  KariHiu*,  by  ErHamuR  Haworth.    18*J7.    65  pp.,  12  pis. 

WS     7.  SeepjiKO  wators  of  iiorthtTii  (Mah.  by  Samuel  Fortier.    1897.    60  pp.,  'A  pl.s. 

WS    12.  Underground  waters  of  southea.stern  Nebraska,  by  N.  11.  Darton.     1898.    56  pp.,  21  pis. 

WS   21,  Wells  of  nortbern  Indiana,  by  Fnink  L<!veretl.    1899.    82  pp..  2  pis. 

WS   26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  lA'verett.    1899.    6»  pp. 

WS    30.  Water  resoiin-es  of  the  lower  peninsula  of  Michigan,  by  A.  C.  Lane.     1X99.    97  pp.,  7  pis. 

WS   31.  Ix)wer  Micbi|fan  niineml  waters,  by  A.  (\  Uine.    1899.    97  pp.,  4  pis. 

WS    34.  Geology  and  water  resources  of  a  iM)rtion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

34  pp.,  19  pis. 
WS    53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I.  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis. 
WS    54.  Geology  and  water  resources  of  Ne/  IVn-es  (Viunty,  Idaho,  Pt.  II,  by  I.  ('.  RiLs.sell.    1901. 

87-141  pp. 
WS   55.  Geology  and  water  resoun-es  of  a  i>ortion  of  Yakima  ('ounly.  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS   57.  Preliminary  list  of  deep  borings  in  the  United  States.  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 
WS   59.  Development  and  application  of  water  in  southern  Ualifornja,  Pt.  1,  by  .1.  B.  Lippineott    1902, 

^  pp.,  11  pis, 
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Wh  (i|    J'n'liiiUtmrr  H"i  i>f  d#w|»  Itmttmit  la  ttw  Unltvtl  ^^tiilit^,  Pi.  II.  b>  >^.  fl.  iNinKm.     iHtL    < 

WS   fiT.  Tht  tnwtiiTtw  of  midcntitiiitiH  ««t<>i>.  by  C.  I*.  wiN'!ii*T     ttttti    Kv  pp..  *  ^K 

It      \m.  rk^iUc!^'  'L^i^t  wfitrf  n^kOtUTCoft  of  the  titnAlce  Klvcf  riAtti*  of  f^^ho,  t^  L  I".  BiwH«Fl      CH 

1*1*.,  JSI^Ij., 

Wt4   T7.  Wftiiir  mKrtimviitf  MHlnkitl.  Haw-Hllcn  tnlfiiitU.  hf  ^'  yfii1tfn»(i     IVQI,    1)9f<|»..  4  pJ*. 

Uu««i^lt     I'MWi,     tiS^  \ip  >  I  pin. 

pf    IT.  ItvllmtniaO'  TK-tmiTt  oil  tKt^  iCiH^ktrv  Mnd  vi-att^r  n^Mtiin-f^tc^r  Nctira^k*  wvnt  of  Uic  uu^  liu 

«i.ni1  third  mertillAi).  I^y  K   H.  Iiurtcin.    ISIci    6^  p[^..  i.1  pb^. 
W»4  to.  t.vfitiUiyirjr  iitii!  wu-tiT  ri'«iHmt^  cvF  it  imrt  i*t  tin'  Iftn'i^r  Jkiiii»  River  Vullfty^  ^tutli  1 

J,  K  TmM  «ni)  <V  M.  tUll      1904      47  |i|i.,  n  pi*. 
Ww  Ull.  f*jid*H(P9Uiw1  wiitt'F*  MmAithi'tu  t^fjiiUliirtii.  bf  tl.  it.  tlnLTfti,  ntlti  tljtm^'iitffjiirn^ijl  tlu^lrn 

w«tvrMt|4»tl4^iunt  l^^r  mi*  irriuMiJini,  h>  ^1.  L.  I'uIE^t.    IVtH.    !Ph  )»|t.,  1 1  ^d*. 
Wi!  mi,  OiDtribtiitiimw  Ui  ihn  hjfilmlnity  ui  tv^^tvtn  \:u^\M  Sui***.  l»«,  r^y  M.  In.  Kf»lk*r.     ISftt    Aif, 
WS  1»M,  rntl'-ivi*«'UT]fl  wiit#*ri  i>f  fJtIii  V«Jlt\',  Arlfim*.  by  W.  T.  trft%    mw.    H  pp^  ^pi*. 
WH  1 1t)   (tiitjirUjutSmth  Ln  iU*  liVfirtiUw^  nl  riuit*  r(i  T^iiilf^tJ  ^VnUt^   IMH^  U.  L.   PtiUnr.  spwIii 

Pt'    i».  ( jL^tk«>  iiE>a  uiiO vi7Tc»imtl  water  r«Mii«Mii  pf  tb^  L^emu«^  Oimt  Pluliu,  Uj  S.  H ^  Uftrl^ii. 

WN  III,  Pfisltmirmrj'  rrfnin  tni  luidt^fiimufHt  wiit*P»  fjif  WniUilttnion,  by  Ut^ry  I^^dc*     L^m    ift  | 

Wl^ll^  ttniU^rflttw  |4^*  in  tbi:  dmUtftirt^  Iw^tii  uf  l^^w  Artj£v1c*(4  Ui^vt,  hy  Utmn^f  ll«^l|ti. 

WW  Ul.  raik'JsrnjiiiJd    WKtvrt  uf  wuiyjni   ttnlte^t  Bliik«^  51     L.  FQllvr*  gmltuflrt  Lu  ^titttt^.    ll 

WB  lis.  tl**l(if  y  iinil  i¥nti*T  nwrnnnw  tif  t^iHt'C^ntrMl  W^^>i|»ln^etfm^  by  Ft:.  Onlmmt.    lyofr.    Wt  ] 

4|jK 
n    ^21^  i*rtOtftiiuHry  t*p4irt  im  tlit*  icoidiJ^y  uud  ^nit^f  nwmn^vof  cvntmJ  Ortgi^ii,  hy  t.  tx.  tC«i 

WR  120,  B11j1Ui!?riiphli<  Ti.<r!i-iv  mtmI  Uiilvx  r»f  (i«(kcfi  rt'JiittD«r  m  nn^vr^fuMnnA  vrAti^m,  pitblUdiMt  l»y  l 

Wfi  I2i,  Ui^liitioh  <U  ti»i'  Jnw  Ufc  iiriikfynHiJul  wnU'r>*»  by  p.  W.  J*vbnnttn.    m*X    TA  i*|i. 

WA  12^.  (i^fiiinr  imd  underirrQiituI  iVAt<?r  cotidltlonj  of  tli«  ^OTtiodtt  del  Mtic^to^  Nc«  Hesik^i^l^CI^ 

Wt<  liJfi-  rinlcntrritrnd  wnti'm**!  iU*}  SrtU  lUvi^r  Viilli-v,  hy  W.  T,  Un',     iwifi      KM  pp„  ^H  pU, 
n     'if^r  niM'(»prl  f>f  ^1*vp-\vfH  drtllU^ir  fnr  l«»tM,  hy  ^I.  I,.  Knt|<»f,  K.  K.  iJtios.  *tid  A.  C.  WnMi. 

lOf.  pp. 
IT     44.  rndtTKrourKl  water  resources  of  Long  Ishind.  New  York,  by  A.  C.  Veatch  and  others.    1906. 
\VS  137.  DevelopmuiU  of  tinderKround  waters  in  the  eastern  coastal  pUiin  region  of  southern  Califomia, 

hy  W.  ('.  Meiulenhall.    l^OTx     140  pp.,  7  pis. 
WS  13H.  Developnientof  underKround  watersin  the  central  eoast^il  plain  region  of  aouthern  California, 

by  \V.  ('.  Mendenhall.     19ax     ItVJ  pp..  5  pis. 
WS  13*).  Development  of  underground  waters  in  the  western  coastal  plain  region  of  southern  California. 

by  \V.  C.  Mendenhall.     1905.     105  pp.,  8  pis. 
WS  140.  Field  lueasureraents  of  the  nite  of  movement  of  underground  water,  by  C.  S.  ^ichter.    1905. 
WS  141.  Observations  on  the  ground  waters  of  the  Rio  Grande  Valley.  1904.  by  C.  S.  Slichter.    1905. 
WS  142.  The  hydrology  of  San  Bernardino  Valley,  California,  by  W.  C.  Mendenhall.    1905.    124  pp.. 

12  pl.s. 
WS  11.5.  Contributions  to  the  hydrology  of  eastern  United  States.  19<V5:  M.  L.  Puller,  geolo|ri«t  in 

charge.  19a5.  220  pp.,  G  pis. 
The  following  papers  also  relate  to  this  subject:  Undergroun«l  waters  of  Arkansas  Valley  in  eastern 
('olonulo,  by  (J.  K.  Gilbert,  in  Seventeenth  Annual,  Pt.  II;  Preliminary  rept)rt  on  art«iian  waters  of  a 
portion  of  the  Dakotiis,  by  N.  11.  Darton,  in  Seventeenth  Antnial,  Pt.  II:  Water  resources  of  IHinoin. 
by  Fnink  Leverett,  in  Seventeenth  Annual,  Pt.  II;  Water  res^Min-cs  of  Indiana  and  Ohio,  by  Frank 
Leverett,  in  Kighteenth  .\nnual,  Pt.  IV;  New  developments*  in  well  lx>ring  and  irrigation  in  eastern 
South  Dakota,  by  N.  H.  Dart^m,  in  Eighteenth  Annual,  Pt.  IV:  Rock  waters  of  Ohio,  by  Edward 
Orton,  in  Nineteenth  Annual,  Pt.  IV;  Artesian  well  pro.si)ects  in  the  Atlantic  coastal  plain  region,  by 
N.  H.  Darl^m.  Bulletin  No.  13s. 

Corresix)inien(;e  should  )>e  acl(lreH**ed  to 

The  Director, 

United  St.\ti->i  (iEoL<MTic.\L  Survey, 

Washington,  D.  C. 
(Xtohek,  1905. 
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LETTER    OF    TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survet, 

Wmhington^  D.  (7.,  April  26^  1905. 

Sir:  I  transmit  herewith  a  manuscript  relating  to  the  conference 
of  the  engineers  of  the  Keclamation  Service  hehl  at  El  Paso,  Tex., 
Noveml)er  14  to  18,  1904,  and  adjourned  to  Washington,  D.  C,  where 
the  conference  was  continued  from  January  1)  to  14,  J905. 

This  second  conftTcnce  was  in  continuation  of  the  general  policy 
of  holding  annually  a  meeting  of  the  principal  engineers  of  the 
Reclamation  Service,' largely  for  the  purpose  of  discussing  matters 
of  administration  and  eccmomies  of  work.  The  first  conference  was 
held  at  Ogden,  Utah,  Septemlx»r  15  to  18,  1903,  in  connection  with  the 
Eleventh  Irrigation  Congi'ess,  held  at  that  time  and  place.  The  first 
se,ssi(m  of  the  second  conference  was  held  at  the  time  of  the  meeting 
of  the  Twelfth  Irrigation  Congress,  at  HI  Paso,  Tex.,  at  which  place 
were  gathered  citizens  repn»senting  all  of  the  AVestern  States  and 
Territories  interested  in  the  development  of  irrigation.  The  bring- 
ing together  at  El  Paso  of  the  principal  engineers  of  the  Keclamation 
Service  and  of  prominent  citizens  from  the  West  made  possible  an 
interchange  of  views  and  a  discussicm  of  data  leading  to  results  of 
very  great  value  in  the  furtherance  of  the  purposes  of  the  reclannition 
act. 

At  El  Paso  the  cMiginecrs  took  part  in  th<»  j)rocee(lings  of  the  engi- 
neering section  of  th(»  Irrigation  (\mgress,  and  also  held  meetings  of 
a  mon*  or  less  executive  character  to  con-;i(ler  and  make  recommenda- 
tions concerning  im])()rtant  details  of  the  work.  Various  conditions 
were  pointed  out  and  discussed:  methods  of  ex])editing  and  econo- 
mizing the  various  operations  were  presented;  and  engineers  from 
various  s<H*tions  of  tlu»  count rv  compared  experiences  and  exchanged 
views  regarding  matters  of  conuncm  interest. 

The  conference  adjourned  to  meet  in  Washington  in  January,  in 
order  to  allow  o])port unity  for  other  (engineers  to  take  part  in  the 
<liscussi(ms  and  to  give  additional  time  for  consideration  of  important 
details.     At   the   adjourned    meeting   in    Washington    a    number   of 


DrV*IHIOX  or  flVDBo-ftOflKOMlCH- 

Uaker,  lijdroifra|)blr  nUl,  itinl  otlit*ni. 

RECLAMATION  SERVICE. 

IVfutf^fl  hy  law  on  Jiuie  !?♦  Ifuri,  fiuMiortFJng  tbe  Hurvej  antl  ooustnieUciii  of 

ItrlKiiniHi   workH  for  j^H4nlmiti|f  urM   l(iml»  Lu  Artoim,  c*uliroritln.    (\*N>rHdiv 
IdiilH).  KiiriKik!«.  Moiitnnii,  NHirnNkn,  Xoviulnt  N>w  M#»!chH>,  North  DHkotu.  Okk 
tioiiuLOrep.in,  Hi  Hit  h  Ituktittu  T^liiln  Waslilnuttni.  nml  Wymnini:  tnmi  the  im'Ch^'i?!!* 
ttflslai?  fmrn  tlu*  mJo  nrul  <liHjNWiil  of  [HihlU*  landM.t     rnt!*^  tlit*  UydruirnipliJc 
hniiii'lK  hut  diHlltK't  tiiid  nrpjinilr  from  tbiii  Umty. 

[Ion.   H  A.  Hltf^UcHirk,  Hi^cri'tMry  of  lh*^  IntcH^r;  Approve*  oil   tuattt^rvt  ntid 
ftlgiitt  all  niEitnirtit. 

C'burk^  [).  VVnl4*<ittt  IH ret  tor  of  the  Cie**loiriml  Kurvey  «Hd  of  the  Hi«eluuintlotl 
Herviee;  fidtlritt***  tie!  km  and  reitortK  lo  lUt*  KiH-retHry. 

Curl  Kwald  UniiiKky.  ^imKUhiiii:  en^jhuHT  ki  the  TtMnmfition  Servtce. 
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P.  Tl.  NVwell  Hrief  eiidmNT,  l\  IS,  rkiniiifh-rd  ?Jiirvej\  VVnRhlngtcin,  R  €X 

Artdiir  P,  HiiviA,  nt*j4i*(triiit  t'Uk'f  t^iiglitiN»r,  ^\'ntihhi>floii»  \t,  i.\ 

OecirKi*  Y.  Winner,  itnmnltitjtf  i*tij:!mHT,  ''A  \\\vl  l%iu^*i*«s  Htrt^^ft  hHroir,  Mtelt, 

J.  li*  t,1|iphmftt^  «iH>ervl«ln|C  eii>rJneeT\  Hri\\y  lUdJittng.  Iam  Aiijfek*K,  Viih 

J,  n.  Quhitoii^  HU|K*rv|Kiujf  t*ni»im*<*rt  Mont ni>w\  tvdo. 

W.  U.  Sanders,  fousultliiK  i*nKin*Hn\  1*1, "i  Ursmd  View  nveuut\  I^h  Angt*k»«,  Cnl 

n.  N.  StiVJi«i\  HUfit^rvlshiA;  i*o*r1tuvr  Hillihirs.  Mniil. 

U.  i.'.  Ht^iiii^',  .'Hiiin'r^  iniiiK  fii^uit*fr,  ioriuiiui,  <*rt*>;. 

Chark»s  II.  Fitch.  suiK»rvisin>:  en>;iiiotM*,  Denver.  Colo. 

O.  H.  Ensign,  eonsiiltinff  enpint^n*  and  eleetrieal  expert  for  Pacific  coast,  437 
South  Cummings  strtn^t,  Ix)s  Anpeles.  C'al. 

H.  A.  Storrs,  electrical  and  mechanical  ex|HM*t  for  Atlantic  slope.  Chamber  of 
Commerce  lUiildinj;.  Denver.  Colo. 

Morris  Bien,  sui>ervislnj:  enj;ineer  (on  land  and  legal  matters)*  Washington, 
D.  C.  assisted  by  J.  M.  McKinney.  exandner,  E.  II.  Teery.  law  clerk,  H.  L.  Hol- 
gate,  C.  A.  Mansuy.  and  O.  G.  Cowhick,  assistant  exanunei*s,  and  others. 

L.  II.  Taylor,  snpervising  engincn^T.  llazen,  Xev. 

Charles  E.  Wells,  suixM'vising  engine<»r.  Casper.  Wyo. 

Charles  S.  Slichter.  consulting  engine<»r,  Madison,  Wis. 

A.  J.  Wilej',  consulting  engineer,  Roise.  Idaho. 

T.  II.  Means.  engintHT  of  soils.  Salt  Lake  City,  Ctah. 

B.  M.  Hall,  (consulting  engineer.  El  Taso.  Tex. 
N.  H.  Darton,  g(H>logist,  Washington,  D.  C. 

E.  T.  Perkins,  engineer  and  traveling  auditor.  Braly  Building,  T^os  Angeles, 
Cal. 
George  A.  Hanunond.  su|>erintendent  of  borings.  Salt  Lake  City,  Utah. 
E.  G.  Paul,  engineer  in  charge  of  instruments.  Washington.  D.  C. 

C.  J.  Blanehard,  statistician,  Washington.  D.  C. 
N.  E.  Webster,  Jr.,  accountant,  Washington,  D.  C. 


•  Extended  to  Texas  by  act  of  February  25,  1905. 
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DISTRICrr   ENGINEERING    FORCE. 

Arizona. — Louis  C.  Hill,  suiiervisiii^  engineer  In  charge,  Phoenix,  Ariz. 
Chester  W.  Smith.  conHtruc'tlng  engineer.  Salt  River  project,  Roosevelt,  Ariz. 
Assistants :  E.  Duryee,  cement  expert ;  B.  R.  Harrison,  tunnel  expert ;  F.  Teich- 
man,  designing  engineer;  Uol)ert  I>e  Large,  construction  foreman;  J.  D.  Stan- 
nard,  A.  U  Harris,  O.  T.  Reed>',  A.  M.  Sprigg.  H.  G.  Stokes,  Hugh  Redmond, 
and  W.  A.  Parish,  assistant  engineers;  A.  H.  Demrick,  electrician;  O.  L.  Mc- 
Intyre,  engineering  aid,  and  otliers. 

California, — J.  B.  Lippincott,  supervising  engineer  in  charge  of  operations 
in  California  and  adjacent  areas.  1108  Braly  Building.  Ix)s  Angeles.  Assistants; 
D.  W.  Murphy  and  Richard  Doerfllng.  engineers;  J.  R.  Prince,  draftsman;  J.  W. 
Spencer,  dishursing  agent ;  C.  H.  H.  Stone,  assistant  analyst,  and  others.  Homer 
Hamlin.  englne<»r  in  charge  of  Colorado  River  project,  Yuma,  Ariz.  Assistants ; 
J.  C.  Clausen,  engineer ;  I*aul  Mc(»eehan,  R.  S.  Hawley,  L.  M.  Lawson,  and  M.  D. 
Williams,  assistant  englniH^rs ;  J.  C.  Avakian,  draftsman ;  L.  B.  Brainard,  A.  C. 
Hansen,  W.  I).  Smith,  Mward  Rieslml,  and  T.  J.  Strickler,  engineering  aids, 
and  others.  S.  (i.  Bennett,  engineer  In  charge  of  Sacramento  Valley  investi- 
gations, 431  RIalto  Building.  San  Francisco.  Assistant:  Edward  Johnson,  Jr., 
engineer.  W.  B.  Clapp,  a.ssistant  engineer  In  charge  of  California  hydrography, 
4:n  RIalto  Building.  San  Francls<'o.  Assistants:  Eugene  C.  La  Rue,  O.  W. 
I'eterson,  and  R.  J.  Taylor,  engine«*rliig  aids,  and  otliers.  T.  H.  Hnmpherys, 
assistant  engineer  In  charge  of  Klamath  iiivestigaticms.  Assistants:  F.  W. 
Hu!>er.  assistant  engiiiet»r,  and  others. 

Colorado, — J.  H,  Quinton,  sui)ervising  engineer,  Montrose,  Colo.  C.  H.  Fitch. 
Chaml)er  of  Commerce  Building,  l>enver;  (}.  H.  Matthes,  enginwr;  C.  R.  Stelner, 
a.ssl.stant  engineer;  J.  (■.  (iawler,  dislnirsing  agent ;  L.  F.  Kinslow,  toijographic 
draftsman ;  T.  K.  Brick  and  Mrs.  J.  K.  Gawler,  clerks.  L  W.  McConnell,  engi- 
nc<»r  In  charge  of  lTiic<mii>ahgre  Valley  project,  Montn>.st»:  ,T.  A.  Sargent  andC.  T. 
Pease,  englnwrs :  E.  E.  Sands,  H.  A.  Howe,  J.  L.  Lytel,  J.  T.  Keenan,  J.  M. 
Rol»erts,  and  J.  II.  Minor,  assistant  onglni»ers;  J.  O.  Ambler.  cnglmH»rlng  aid; 
11.  E.  Essloy.  an<l  U.  E.  Fnrstcnfcld.  lM)<)kk(M»pers.  M.  C  Ilindcrlider.  engln(»er. 
Denver,  in  ciiargc  of  hydrography  in  Colorado  and  adjacent  States,  and  in  cli;\rge 
of  La  Plata  Valley  project ;  U.  I  Me<»kcr,  and  Oro  McDermlth,  engineering  aids. 

Idaho. — I).  W.  Koss,  engineer  in  charge,  Boise.  Frank  C.  Horn,  constructing 
engim'er,  Minidoka  project.  Minidoka.  Assistants:  I).  G.  Martin,  engine<»r; 
J.  L.  Savage,  Ciiarles  H.  Sniitli.  (Jill>ert  II.  Ilogne,  FhmI  Stockton,  and  J.  T. 
Bin'ke,  assistant  enj^ineers;  \i.  M.  Conner.  L<'on  L.  Gay,  Ernest  A.  Bailey,  Rol)- 
ert  J.  .\ewell,  engineering  aids,  and  otliers. 

Kansas. — Ciiarles  II.  Fit«li.  snpervising  <'ngineer.  Wnsliington,  I).  C.  Charles 
S.  Siicliter,  consulting  engineer:  W.  (J.  Unssell,  Iiydrograplier.  Knssell,  Kans. 

Montana. —  II.  N.  Savage,  snpervising  engin«»er.  Billings,  Mont.  C.  C.  Babh, 
engin(»er  in  <'liarge  «»!'  op^Tiitions  connected  witli  tlie  Milk  River  pi*oject. 
Assistants:  L.  E.  (Jranke.  engineer:  C.  T.  Prall.  A.  E.  Place,  nnd  L.  U.  Stock- 
man, a.ssistant  engineers:  W.  B.  Freeman,  engineering  ai<l.  and  otliers.  R.  S. 
Stockton,  engineer  in  charge  of  Crow  Reservation  surveys,  .\ssistants:  (Jeorge 
KI.  Stratton  and  Ernest  I).  Hendricks,  assistant  engine<*rs:  L.  M.  Hatch  and  .T.  S. 
Swan,  engineering  aids.  :in«I  others.  Willijini  E.  Swift,  enginetT  in  charge  of 
Hinitiey  jiroject.  .\ssistants:  II.  I{,  Evans,  assistant  engineer,  and  otliers. 
S.  B.  Kobl)ins,  engineer  in  cliarge  of  Snn  River  ])roJ<»ct,  Great  Falls,  Mont. 
Assistants:  F.  F.  Prendergast,  assistant  engineer;  W.  U.  Ewing.  Gordon  Edson, 
nnd  A.  P.  Porter,  engiia'cring  aids,  and  others. 

Ni'braska. — C.  E.   Wells,  snpervising  engineer,  CasixT,  Wyo.     John  K.  Field, 
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engineer  In  charge  of  operattons  In  western  Nebraska,  Chamber  of  CominerQe 
Building,  Denver,  Colo.  AasiBtants:  Andrew  Weiss,  B.  E.  Hayden,  and  J.  D. 
Stannard,  assistant  engineers;  P.  D.  Simpson,  W.  L.  Gorton,  BL  C  Woodward, 
%nd  Sam  O.  Porter,  engineering  aids ;  James  Dopson,  drillman,  and  others. 

Nevada. — lu  H.  Taylor,  superylsing  engineer  In  charge  of  operattom  In  Ne- 
vada, Hazen,  Nev.  Assistants :  William  Sargeant,  A.  V.  8a|ih,  and  FeVd.  Bon- 
stedt,  engineers;  L.  M.  Holt,  assistant  engineer;  B.  B.  Smith,  engineering  aid: 
C.  F.  Carpenter,  messenger,  and  others  In  Hasen  office.  R.  R.  McGregor,  engi- 
neer, and  B.  B.  Forbes,  assistant  engineer,  in  charge  of  constroctton  of  divisions 
1  and  2  of  Tmckee  canaL  Assistants:  T.  W.  Huifaker,  assistant  oigineer; 
A.  H.  Schadler,  engineering  aid,  and  others.  W.  S.  Russell,  engineer  in  charge 
of  location  and  construction  of  lateral  canals  in  Carson  Sink  Valley.  Assist- 
ants :  D.  W.  Hays,  C.  V.  Taylor,  W.  A.  Keddie,  H.  T.  Paterson,  A.  C  Redman, 
C.  H.  Southworth,  and  Walter  N.  FrIckstad,  assistant  engineers,  and  others. 
F.  A.  Temple,  engines:  in  charge  of  location  of  Alkali  Flat  reservoir  supply  canal 
and  outlet.  Henry  Thurtell,  State  engineer,  in  charge  of  hydrography.  Assist- 
ant :  B.  E.  Corlett,  engineering  aid.  J.  C.  Coniff,  field  assistant  in  charge  of  topo- 
graphic mxrvey  of  irrigable  lands.  Assistants:  A.  T.  Philips,  M.  Hayes,  and 
others. 

New  Mexico, — B.  M.  Hall,  supervising  engineer,  Carlsbad,  N.  Mez.  Assistant : 
J.  L.  Rhead,  assistant  engineer.  W.  M.  Reed,  engineer,  Roswell,  N.  Mex..  in 
ctiarge  of  operations  connected  with  the  Hondo  project  Assistants:  E.  W. 
Myers,  assistant  engineer;  H.  L.  Eanies  and  F.  S.  Dobson,  engineering  aids, 
and  others.  M.  C.  Hlnderlider,  engineer  in  charge  of  La  Plata  Valley  project. 
Chamber  of  Commerce  Building,  Denver,  Colo. 

North  Dakota. — H.  N.  Savage,  supervising  engineer,  Billings*  Mont  F.  E. 
Weymouth,  engineer  in  charge  of  Fort  Buford  project  Assistants :  Charles  H. 
Paul  and  K.  C.  Bebb,  engineers;  J.  N.  Kerr,  C.  K.  Hosford,  and  H.  8.  Morse, 
BKRiHtant  ongineers,  nnd  others.  H.  A.  Storrs.  elecrtricnl  engineer.  Chamber  of 
roiniiieri*e  BuilclhiK.  Denver,  Colo.,  in  clinrjfe  of  pumping  from  Missouri  River. 
Assistant:  P.  M.  ClnirclillI,  assistant  engincH»r.  .T.  A.  Fronrh,  aHsistant  engineer, 
in  cliarge  of  surveys  near  Bismarck.  N.  Dak.  E.  F.  (Miandler,  assistant  engl- 
m>er,  TTnlversIty  of  Nortli  Dakota,  In  eliarj^e  of  liydroja'apliy. 

Oklahoma, — James  G.  Camp  and  W.  W.  Sclileeht,  assistant  engineers  on 
reoonnalssani'e  surveys,  under  B.  M.  Hall,  suiK^rvlshiR  engineer,  Carlsbad,  N. 
Mex. :  Charles  K.  Oonlon,  Lawton,  Okla..  assistant  engineer  in  charge  of  opera- 
tions nmler  town-lot  fund;  ii,  L.  Warner,  assistant  engineer;  I^  E.  Johnson. 
englnet»ring  aid. 

On'ifon. — D.  ('.  Ilenny,  sui)er^'lslng  engineer.  ,Tohn  T.  Wlilstler,  district  eiigi- 
ne«»r,  Pendleton,  Oreg.,  In  charge  of  oi^eratlons.  Assistants:  J.  11.  I^wis,  Her- 
bert I>.  Newell,  I.  S.  Voorliees,  Edmund  I.  Davis,  and  W.  C.  Sawyer,  assistant 
engine<»rs;  G.  Stiil)l)lefield.  K.  S.  Hall.  W.  H.  Saxton,  and  II.  S.  Williams,  engi- 
neering aids:   N.  S.  Hamilton,  draftsman,  and  otliers. 

South  Dakota. — Cliarlw  H.  Fitch,  sniwrvlslng  engineer,  Denver,  Colo.  Ray- 
mond F.  Walter,  engineer  In  charge*  of  Belle  Fonrclie  proji»ct.  Belle  Fourehe, 
S.  Dak.  Assistants:  II.  E.  (in*en,  engineer;  Frank  C.  Magruder  and  Francis 
M.  Madden,  assistant  englncH»rs:   II.  D.  Comstock,  englmn^rlng  aid,  and  others. 

(■tah. — J.  H.  Qninton,  suiiervlslng  engineer,  Montrose,  Colo.  (Jeorge  L.  Swend- 
sen,  district  engineer,  P.  O.  Box  **  S,''  Salt  Lake  City.  Assistants:  W.  D.  Beers, 
W.  I*.  Ilardesty,  and  Caleb  Tanner,  assistant  engineers;  II.  W.  Sheley,  L.  L. 
Ilinit<»r.  II.  S.  Klelns<-hmldt.  W.  T.  Cari)enter,  T.  (\  Calllster,  W.  J.  Spalding,  and 
W.  (}.  Swendsen,  engineering  aids,  and  others. 
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WmtiMmgiam. — ^D.  G.  Henny,  aupervtoing  enfiiieer.  T.  A.  NoMe,  oigliieer  In 
cbar^e,  Taktaa  project.  North  Yakima,  Wash.  Asiliitanta :  Christian  Andoraon, 
eoKliieer;  U  J.  Charles,  F.  H.  Tillinghast,  Charles  R.  Hewitt,  Geoise  H.  Hllss, 
assistant  oigineers;  C.  C.  Fislier,  Charles  B.  Cox,  O.  Laurgaard,  and  Calvin 
Casteel,  oigineering  aids,  and  others. 

Wyoming. — ^H.  N.  Savage,  supervising  engineer  for  northern  portion,  Billinga, 
Mcmt  Jeremiah  Atiem,  district  engineer,  Cody,  Wyo.,  in  charge  of  Shoshone 
project  Assistants :  C.  P.  Williams,  designing  engineer ;  D.  W.  Cole,  engineer ; 
W.  E.  Young,  H.  J.  Saunders,  B.  S.  Ela,  and  B.  F.  Tabor,  assistant  engineers; 
A.  C.  DownQT,  R.  8.  Sargent  and  Carroll  Paul,  engineering  aids,  and  others. 
Charles  E.  Wells,  supervising  engineer  for  southern  portion.  El  H.  Baldwin, 
constructing  engineer  in  charge  of  Pathfinder  reservoir.  Assistants:  L.  V. 
Branch,  assistant  ^igineer,  and  others. 

ACCOUNTS  AND   PROPERTY. 

The  hydrographers  and  engineers  named  in  the  following  list  are  authorised 
to  certify  accounts  for  approval  by  the  chief  engineer,  and  are  responsible  to  the 
chief  engineer  fdr  the  property  purchased  in  the  field : 

DIVISION   OF  HYDROGRAPHY. 

Eastern  section, — N.  C.  Graver,  R.  E.  Horton,  H.  K.  Barrows,  E.  G.  Paul,  M.  B. 
Hall,  and  F.  W.  Hanua. 

DIVISION   OF   HYDROLOGY. 

Eastern  section.— M,  L.  Fuller. 
Western  section. — N.  H.  Darton. 

DIVISION   OF   HYDRO-ECONOMICS. 
M.  O.  Lelghton. 

RECLAMATION   SERVICE   AND   WESTERN   SECTION   OF   HYDROGRAPHY. 

Arizona.— honlH  C.  Hill. 

California. — J.  B.  Lippiucott 

Colorado. — J.  H.  Quiiitou. 

Idaho.— D.  W.  Kosh. 

Kansas. — Charles  H.  Fitch. 

Montana. — H.  N.  Savage. 

Nebraska.— John  E.  Field. 

Nevada.— U  H.  Taylor. 

New  Mexico.— }^.  M.  Hall. 

Nitrth  Dakota. — 11.  N.  Snvagt*. 

Oklahotna. — Gerard  H.  Matthea. 

Oregon. — John  T.  Whistler. 

Houth  DaAro/a.— CharleH  11.  Fiteh. 

Utah. — George  L.  Sweiidsoii. 

Washington. — Theroii  A.  Noble. 

Wyoming. — H.  N.  Savage,  northern  iiortion;  J.  H.  Qninton,  mutheni  |K>rtion. 


REPORT  OF  THE  CONFERENCE. 


Mi*nil<*iilfr;ilL  W,  (*.,  K»**»it^t:ts<t. 

N<*vT*nL  K.  n.,  HiH^f  ('ngliieer- 
Klk'hltT.  r.  S.,  oouKiiHiii^  4*uirhi*^r, 


AIHKN DANCE  AT   KL  I'AHO  CCINFKUKNCK. 

The  fallnwiiig  itioiiiU'rs  tif  (ho  lUTlntiuiticfii  Serviti^  were  pi 
At  UiB  wnftTf^iKv  at  Kl  I'as^i,  NovomlxBr  14  to  18,  1904: 

riv»n<Ut*r,    A.    E.»    Hint**    t^ngirii>r*r    for 

CUiiiMllcr,  KJwyn  F.*  Htate-  rnKlmvr  fur 
NurtU  INikdtiL 

III  ttcltlition  to  tlu»8c  then-  wen*  in  nttiMnlancp  at  several  nf  tii<* 
meeting  tlu^  following:  (tilftjnl  l*it[rho(,  rJiit'f,  aiitl  E.  A.  Sti^rlirig, 
assiHtant  chi(*f,  BiirtMiu  nf  FotieHtrv;  C.  W.  Dorjripy  and  -T-  G.  Hnlm(?s. 
of  Bun 'in  I  uf  Sciils,  Dopartrnriit  of  AixriiMiltiiro:  Kt^iinlivr  W.  A.  ("lark, 
of  Montana ;  S(Miator  F.  G.  Newlands,  of  Nevada ;  Governor  Gteorge 
C.  Pardee,  of  California;  Governor  J.  T.  Morrison,  of  Idaho;  Gov- 
ernor Ahuniada,  of  Jalisco,  Mexico;  A.  J.  McCune,  ex-State  engi- 
neer of  Colorado;  M.  K.  IT.  Bakhati,  en^jineer  of  the  Nile,  Egypt; 
F.  C.  Finkle,  consulting  engineer,  and  many  other  prominent  persons, 

MINIT TEH  OF  KL.  PASO  CONFERENCE. 

Novemher  /,{• — Tl^^  engineers  of  the  Reclamation  Service  convened 
at  the  Angelus  Hotel,  El  Paso,  Tex.,  at  8.:iO  a.  m.  A  brief  address 
was  made  by  the  chief  engineer  on  the  operations  of  the  past  year 
and  plans  for  the  future.  Administrative  details  were  discussed  in- 
formally and  a  numter  of  short  papers  presented. 

In  the  afternoon  the  session  was  resumed  and  a  delegation  of  citi- 
zens from  Oklahoma  was  received  and  the  piospects  of  early  con- 
struction of  reclamation  projects  in  that  Territory  w^ere  discussed. 
A  brief  statement  was  made  by  Mr.  M.  K.  H.  Bakhati  concerning 
12 
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irrigation  in  Egypt.  In  the  evening  a  conference  was  held  with 
Hon.  Francis  G.  Newlands  and  with  various  delegates  from  the 
arid  States. 

November  15, — A  conference  was  held  with  Representatives  Smith 
and  Stephens  of  Texas,  and  the  situation  x>\\  the  Rio  Grande  was 
discussed  by  B.  M.  Hall  and  Thomas  U.  Taylor.  Adjournment  was 
had  to  the  general  meeting  of  the  Twelfth  Irrigation  Congi'ess.  At 
noon  the  engineers  met  Governor  George  C.  Pardee,  of  California. 

In  the  afternoon  the  engineers  attended  the  general  met^ting  of  the 
Irrigation  Congi-ess,  addresses  being  made  by  the  chairmen  of  the 
various  sections. 

Norember  16. — The  enginoei's  met  in  the  county  court  room,  various 
papers  l)eing  j)resented  and  discussed.  Among  these  were  the  follow- 
ing: Reclamation  in  the  State  of  Washington,  by  H.  N.  Savage, 
suj^ervising  engineer;  Construction  Work  in  Oklahoma,  by  Gerard 
H.  Matthes,  district  engineer;  Underground  Waters  of  Southern 
California,  by  W.  C.  Mendenhall,  and  discussion  by  F.  C.  Finkle; 
River  Floods  and  Water  Resources  of  North  Dakota,  by  E.  F. 
Chandler. 

In  the  afternoon  the  session  was  resumed  at  2  p.  m.,  and  a  general 
discussion  on  a  State  irrigation  code  was  opened  by  Morris  Bien. 
This  was  followed  by  a  pajwr  on  the  Klamath  i)roject  in  Oregon  and 
California,  by  J.  B.  Lippincott.  A  short  address  was  given  by 
Governor  Ahumada,  of  Jalisco.  In  the  evening  delegations  from 
New  Mexico,  Utah,  and  Arizona  were  received  and  the  reclamation 
projects  in  each  important  locality  were  discussed. 

Xorewhcr  17. — A  general  public  meeting  was  held  in  the  large  con- 
vention hall,  j)apers  being  read  by  H.  A.  Storrs  on  Irrigation  Devel- 
'^pment  in  North  Dakota:  by  Thomas  U.  Taylor  on  Texas;  and  by 
Robert  GayoK  of  the  City  of  Mexico.  The  principal  discussion  was 
on  the  j)aper  by  B.  M.  Hall  on  Water  Storage  on  the  Rio  (irande. 
This  was  followed  by  a  brief  paper  by  Charles  S.  Slichter  on  the 
Underflow  of  the  Kio  Grande. 

At  the  afternoon  session  pu|)ers  were  read  by  Thomas  H.  Means 
on  the  Necessity  of  Draining  Irrigated  Lands;  by  A.  L.  Fellows  on 
Estimates  of  Tunnel  Work;  and  by  II.  A.  Storrs  on  Sources  of  Power 
for  Pumping  Plants. 

The  conference  then  adjourned  to  meet  at  Washington,  D.  C.,  at 
the  call  of  the  chief  engineer. 

MINI  TKS  OF  WA8IIIN(;T0N  CONFERKNCE. 

The  following  are  minutes  of  the  various  meetings  held  during  the 
conference  of  the  engineers  of  the  Reclamation  Service  at  Washington 
from  January  2  to  14,  11)05.  The  n^sults  will  be  found  in  the  reports 
of  the  various  committees  (pp.  100-215). 
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Jttmmrjf  ^, — ^KetTpticui  by  the  Presidt^nt  Ht  the  TfMiite  lloiisi' 
Jannunf  J. — ^Getivrttl  nictating  of  mi^iiUH^r^  mid  hydrcigTiiphi?rs  at 
tho  (tooiopficnl  Surv(»y  Building,  This  tnoeting  was  for  the  piirp*** 
uf  orgHhizjitioii  an* I  anntxuitxniuuii  of  plans  for  the  succeed ing  two 
weeks*  Tht*  following  riH*ml)ers  of  tht*  hydmgi*Aphir  briinelt  wen 
oithcT  pnM'!it  at  t hut  time  or  imported  later  in  the  eonfeivnce: 


1<\VH,    Mot  tin,  inijc*nt*«T  ttiid   leKal  ad- 
V  i  Ni*r. 

nniiich*  L,  \\,  ««8Nttiut  t'iii?tTieer, 
Jiiiriihimj,  VV.  \\'**  hydroirrnpliic  ul4 
Cnew,  R  {{.,  trHllU*a>;t*iit. 
ri«p]>.  S.  K*  u>s»il»t«nt  <HtKlii''*'r. 
Ccm»«it«'k*  n*  IK  en^h\kH^*r\u\'  aid. 
c\ivert,  C  i\,  nfl«i«tnnt  eniriiir^T. 
Dartora,  N.  H.»  gt^oldijUt 
DavU,  A*  P„  flftsifstiiut  ehtef  c»>flut"er. 
Eh  men*  H,  L.,  eiiglnwrlng  txUh 
FvlknvH,  A.  L.,  pui^lueer. 
Field.  J.  K,.  erjglDtvr. 
Flteh,  V.  H.,  *^Ti^liieer 
Fi>lhjn8bt.»p,  K.,  tisnls^taiit  engineer* 
FuHer,  M.  L.,  K**i>lo^lst. 
GilcK,  J,  .M.,  J I  SHI  Ht  nut  oijgliieer 
Grover,  N.  C,  enixineer. 
Hall,  M.  R.,  hydrogrnphor. 
Hall,  W.  E.,  engineering  aid. 
Hanna,  F.  W.,  assistant  engineer. 
Harley,  G.  F.,  engineering  aid. 
Hawley,  R.  W.,  assistant  engineer. 
Hill,  Ix)nis  C,  supervising  engineer. 
Horton,  A.  H.,  engineer. 
Horton,  R.  E.,  hydrograpber. 
Hoyt,  J.  C,  computer. 
Johnson,  Edward,  jr.,  engineer. 


IvijHtl,  A.  R,  englTM^T 

LeiKlitim.  M.  i\,,  lij-dnignipht-T. 

Ijt'UM'njjger,  11,  V'.,  drnftHiitati, 

Jjimls,  S.  J.,  itrtHistaiit  ctii:iiuf*r* 

Ijpjiim'iJtt,  J.  H,,  snjMTvUitig  i»iij;ljK^ 

Mrr^vnuHl,  I.  \\\,  eiiirlmvr. 

!^ti*:ii(H,  Tlitmii^H  It.*  eti^liit't^r  ut  Kolb. 

Murplky*  E.  C.  eiigiueer. 

N  e  wei  I  *  F.  1 1  **  j*  li  ief  et  igl  u  eer^ 

Noble*  '1\  A„  engineer. 

Oilier g*  V.  U.^  assist MLii  etigiiieer. 

l^irker,  11.  N..  assistant  hydrugntpbet;'; 

I*miK  E.  G.p  englaeer. 

iVrlihjH,  E.  T..  engineer* 

l*riiU,  C,  T.,  engineer.* 

rrt»s5«ey,  F.  K.,  euitlm^r. 

Quint  on,  J.  H.,  eontiultUig  engliie^*r» 

lllcliardion,  G.  B.,  iisRbtiiiit  ^H>ti>gi«t 

HuNvlnw,  8*  B.,  engineer. 

Hos8*  I>,  W,,  engiutwr. 

Saiider,^  VV.  11.,  consulting  engineer 

S»vs\gt\  iL  N\*  Hiiprrvlsltig  **agin*>er. 

Schleelit,  W.  W.,  assistant  engineer. 

Slichter,  Chas  S.,  consulting  engineer. 

Stal>ler,  Herman,  engineering  aid. 

Steward,  W.  G.,  assistant  engineer. 

Storrs,  H.  A.,  electrical  engineer. 

Taylor,  L.  H.,  engineer. 

Taylor,  Thos.  U.,  bydrographer. 

Tillingbast,  F.  H.,  assistant  engineer. 

Walter,  R.  F.,  engineer. 

Wel)ster,  N.  E..  jr.,  accountant 

Wbite,  T.  B.,  assistant  engineer. 


The  chief  engineer  appointed  the  following  committees: 

Personnel  and  ansignments, — Davis,  Fitcb,  Savage. 

Water  lairs  and  forms  of  water  users*  associations. — Bien,  Ross,  Chandler, 
Field,  Noble. 

Duty  of  water,  alkali,  and  drainage, — Means,  Sandei*s,  Ix^ighton,  Slichter. 

Methods  of  reconnaissance  and  survey. — Savage,  Wisner,  If'itch,  Noble,  Lip- 
pincott. 

Standard  plans  and  specifications, — Quinton,  Wisner,  Davis,  L.  H.  Taylor. 

Costs  and  results, — L.  H.  Taylor,  Fellows,  Webster,  Olberg.  McConnell,  Paul. 

Cement  and  concrete, — Wisner,  Duryee,  Kastl,  Eckel,  Wells,  McConnell. 
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Electric  power  development  and  pumping, — Ensign,  Storrs,  Sanders,  L.  H. 
Taylor,  Horton. 

Stream  meaHurementx. — CJ rover,  Murphy,  Illuderlider,  T.  U.  Taylor,  Horton. 

Auditimj. — Fitch.  Perkins,  Paul. 

OrganizatUm, — Kastl,  Wells,  Lipplneott,  Ross,  Walter,  Sanders,  Ensign,  Quin- 
ton,  MeConnell. 

T  ran)*  port  a  Hon.- — Davis,  Bien.  Storrs,  Cass,  Perkins. 

Fiacal. — Newell,  Davis,  Wehster. 

The  chief  engineer  directed  that  the  committees  confer  immediately 
jind  prepare  reports  to  be  presented  to  the  conference,  and  finally 
come  to  conclusions  and  make  definite  recommendations  with  refer- 
ence to  the  various  features  of  the  work  which  they  were  appointed 
to  consider. 

During  the  remainder  of  the  day  the  engineers  attended  the 
American  Poorest  Congress. 

January  .^.--The  day  was  set  apart  for  conferences  of  standing 
committees  for  consideration  of  the  matters  assigned  and  the  methods 
of  presenting  the  same  to  the  general  conference. 

In  the  afternoon  the  section  of  costs  and  results  took  up  the 
discussion  of  methods  of  preparing  engineering  estimates  of  the 
actual  cost  of  work  accomplished  and  the  consideration  of  the  details 
of  the  original  records  for  the  purpose  of  obtaining  the  facts.  The 
report  of  this  committee  will  lx»  found  on  pages  162-173. 

Januai^y  5, — Mr.  Asa  Phillips,  engineer  of  the  District  of  Colum- 
bia sewage  department,  descril>ed  the  work  which  had  been  carried 
on  in  (connection  with  the  construction  and  maintenance  of  the  trunk 
sewer  for  the  city  of  Washington.  Mr.  Phillij)s  exhibited  detailed 
plans  of  the  |)umpinir  stati(m  and  discussed  some  of  the  interesting 
problems  concerning  the  great  work.  The  subjects  of  cement  and 
concrete  construction  and  of  pumping  were  also  discussed,  great 
interest  Ixung  manifested  in  them. 

A  conference  of  tlie  connniltee  on  water  laws  and  forms  of  water 
users'  associations  was  held,  but  was  not  concluded  at  the  expiration 
of  the  period  allotted. 

A  conf(»rence  was  held  with  Messrs.  Person,  Ray.  and  Swift,  audi- 
tor and  assistant  auditors  of  the  l)(»|)artment  of  the  Interior.  Mi\ 
Person  and  associates  cxplaintMl  the  distinction  made  between  sus- 
l^ensions  and  disallowances,  and  adviscMl  concerning  the  best  methods 
of  procedure  in  each  case.  Further  information  was  iriven  with  ref- 
erence to  contracts,  railroad  fieights,  and  j)assenger  rat(»s. 

A  brief  address  was  also  made  by  Kepresentative  »1.  M.  Dixon,  of 
Montana,  who  sj)()ke  of  the  great  importance  to  his  State  of  the  work 
of  the  Reclamation  Service. 

Representative   Robert   W.    Bonynge,  of  Colorado,   also  met  the 


eiij^itK^rs  Hiul  Ml-.  Htman]  Etiicitt,  dii('f  t'li^iiuMT  i>f  the  Norllutfl 
rurifif  llannNich  rallrd  witli  Mr.  Th(>tiiMs  tN>(j|n*i\  IiiihI  e4ifiuiiis^oiier, 

III  tlic  >crti<m  inwtinp^  \hv  |>i  in(i[>al  tu|>i(^s  iliscuHstid  wer**  the  lini 
iti^  of  lUTuraty  in  rciinrtirija:  diM-harg*^  moa.sim*iiionts^  in  <xiii.strri<*titig 
rutiTifi:  lf»h[*\^,  nth]  in  a|>pl\  iii^r  ^*^*  lu'igliLs  This  mibjecl  was  iu 
diuH^^il  liy  Mr.  IL  K»  Hurtun,  nf  New  V'nrk. 

Another  matter  tare  fully  considered  \va,s  that  tif  metJicKlH  of  <h>ii 
iii^  siH'OTitls  iitul    n'VolutU^iLs  ill   Ttiuktn*^  1{)vv-wiit4'r  ineu>«iitt^nicnJ 
The  dimmsHimi  wa><  upejunl  l»y  Mr*  Julm  i\  lloyt,  ehief  ermipit|i*r 

At  8  p*  ni*  thi^  cnnfi^reiMT  adjourned  to  lit  tend  tlie  Si'sshm  of  t 
A  ti  K»i"i  ea  u  h\>rest  ( \>t  i^n^^s, 

Jamnttij  (L — The  Uioruing  m'ssiou  whs  given  ovfT  largely  to  ihi? 
ilis<'USMifai  of  tlie  suhjeet  ui  transportation  of  nrnterialn  nnil  hihoni^ 
hi  eonneetion  with  tlie  girat  irrigiition  works  uu^v  under  w^ay 
propnstnL 

An  im|>ortiint  i>uhjtK*t  of  diHeii^sion  \va.s  **  Coiitracst;^''  with  a  vi 
lo  ^^ilrl[llifyiu^  present  nielfiotls  tjf  ail^t^rtisiug  to  s**eiiiH*  tliv  larg* 
pulilieity  anti  the  greatest  rnniilH^r  of  hitls  for  (h>verniiient  ei>ntraeta 
Then?  was  a  nuN'ting  of  liyrlnjgra|>liers  at  11  ii»  m*  to  listtm  to  % 
discussion  of  ''  lient h  marks "  by  Mr.  E.  Johnson,  jr.,  hydrograph 
in  charge  of  the  Mississippi  River  district.  This  meeting  wiu*  eoiiti 
!jed  ovi'r  into  the  afti'rnooii,  w  heii  it  wan  ailitn»ssed  l>y  Mr.  K 
Murphy,  inspector  of  stream  gitging«  on  the  subjcet  of  "  Eqiiipmei 
for  cuIjIc  st^iliuius." 

At  the  aftern(K>n  s<^s^ion  Mr,  C.  C*  Babh  dis^nit^sed  the  Milk  River 
project  in  Montana  and  its  engineering  coniphcations, 

January  7, — The  morning  session  was  given  over  principally  to  the 
discussion  of  (he  work  of  the  service  in  Snake  River  Valley,  in 
Idaho.  The  entire  Idaho  deU»gation,  composed  of  Senators  Dulwis 
and  Ileyburn  and  Representative  French,  were  present  and  addressed 
the  engineers. 

District  Engineer  Ross,  who  is  in  charge  of  the  Governinent's  work 
in  that  State,  briefly  outlined  the  plans  for  reclamation,  explaining 
in  detail  the  location  and  extent  of  the  irrigable  lands  and  the  charac- 
ter of  hydraulic  works  recpiired. 

Following  Ml*.  Ross's  discussion,  Senator  Dubois  spoke  briefly  on 
the  subject  of  irrigation  development  in  Idaho. 

Senator  Ileyburn  explained  that,  although  a  resident  of  the  Pan- 
handle of  the  northern  part  of  Idaho,  which  lias  an  abundant  rainfall, 
he  was  none  the  less  deeply  interested  in  the  material  development  of 
the  southern,  or  arid,  portion  of  his  State.  He  said  he  believed  that 
the  plans  of  the  Reclamation  Service  as  outlined  are  safe,  and  had  no 
patience  with  the  complaints  of  those  not  informed  as  to  the  charac- 
ter of  these  works  who  criticised  the  engineers  for  proceeding  slowly. 
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Representative  Fi-eiich,  of  Idaho,  called  attention  to  the  extreme 
need  of  modification  of  our  present  "homestead  laws  where  they  per- 
tain to  areas  embraced  in  the  Goverimient's  projects. 

The  morning  session  was  concluded  by  an  interesting  address  by 
Mr.  II.  E.  Williams,  of  the  United  States  Weather  Bureau,  repre- 
siMiting  Mr.  Willis  L.  Moore,  wlio  could  not  l)e  present. 

In  the  afterncKm  conference  the  liydrographers  were  addressed  by 
K.  C.  Murphy,  insinnrtor  of  gaging  stations,  on  the  subject  of  "  Cost 
of  stream  gaging,'' "  and  Mr.  J.  C.  Hoyt,  computer,  on  the  "  Study 
of  datn  by  local  men."' 

District  JInginwr  L.  II.  Taylor,  in  charge  of  Nevada  work,  ad- 
dresscnl  tlie  conference  on  tlie  subject  of  the  Truckee-Carson  project 
and  its  i-ecent  developments. 

S.  B.  Bobbins,  engineer,  desiTiln^d  the  plans  for  the  Sun  River 
project,  Montana.  This  contemplates  the  irrigation  of  l)ench  lands 
lying  between  Sun  and  Teton  rivet's. 

Jinmary  fK — Tlie  morning  was  devoted  to  a  discussion  of* the  Itelle 
Kourche  j)roject,  Soutli  Dakota,  led  by  Raymond  F.  Walter.  Sena- 
tors Kittredgc*  and  (lanible  and  Congressmen  Burke  and  Martin  took 
part.  The  (lovernment  will  probably  Iwgin  actual  construction  by 
the  1st  of  next  April.  The  Secretary  of  the  Interior  has  set  aside 
the  sum  of  $iJ,10(),000  for  the  construction  of  this  work.  The  plans 
and  detailed  estimates  have  lx»en  prepared  and  finally  approved  by 
the  consulting  board  of  engineiM-s. 

The  committee  on  duty  of  water,  alkali,  and  drainage  called  atten- 
tion to  the  importance  of  these  points  as  viewed  from  the  past  history 
of  irrigated  lands  in  the  West. 

The  chief  engineer,  in  executive  s(»ssiou  with  the  supervising,  (!on- 
sulting,  and  district  engineers  and  ex|)erts,  discussed  the  broad  prin- 
ciples of  const  riKt  ion  and  cost,  and  the  relati(ms  which  the  coordinate 
l)ranches  of  the  service  l)ear  to  each  other. 

At  the  aft(M*!i<)()!i  meeting  of  the  hydrogra|)hers  the  chief  engineer 
spoke  of  the  Bureau  of  Forestry  and  called  attention  to  the  intimate 
relations  its  work  i)ears  to  that  of  the  Survey.  Computer  Hoyt  dis- 
cussed the  work  of  tiie  (•omj)uting  section. 

The  conunittee  on  cement  and  concrete  took  up  the  subject  of  the 
materials  wiiich  enter  so  largely  into  the  construction  of  the  Govern- 
ment's great  dams  and  head  works.  An  interesting  feature  of  the  dis- 
cussion was  a  description  of  the  cenu^nt  mill  erected  by  the  Govern- 
ment to  manufactnn*  liOOJKK)  i)arrels  of  cement  for  the  Roosevelt  dam, 
in  Arizona,  which  is  to  he  one  of  the  highest  dams  in  the  world. 

Jamiary  10, — T.  A.  Noble,  in  charge  of  work  in  Washington  State, 
spoke  of  the  Big  Bend  irrigation  project,  saying  that  owing  to  the 

"  Soo  pp.   IL'I    V2:\. 
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tnomioiis  Hnni  iiivulvetl,  and  the  p^ri*»t  ctiMt,  it  lias  tiat  been  tmu 
practicat)h»  to  pnK"t*c'cl  with  its  euii  struct  ion, 

Sn|KT vising   Kiigiiieer  J.    B.    Lippincutt  tlisKniastnl   the    Klaiaa^ 
irripitioii  projt*<-t, 

Mn  Ltppint'ott  alMo  told  of  Ihi^  projwi  known  as  the  Yuma  on 
Colonido  Hivt^iv 

By  invitatini)  of  ChHinnun  MontU^lK  the  chief  engineer  and 
nuniIxT  of  siiptTvisin^  inul  n>nslriR*li!i»r  en^intvrs  of  the  Herlamatic 
Servirt*  ni*'t  (lie  nv^mU^rs  of  thi*  House  (\*nnnilttv  oji  Irri^ition  *jl 
thi*i  dtit€%  the  priiaifjiil  topic  of  tlis*_niHsion  Imufjf  the  Ivlaninth  proji*ct 
in  Crdiforiiin  iiiu)  ()n*p>Tj.  .^tr,  J.  B,  fji]i]Hnrutt  d*'s*rilHHl  the*  un* 
portiint  fefitnn*s  of  the  pniject,  uhidi  involves  tlie  irri^nticin  of 
3lKVKHhien-s,  idhKit  liiilf  of  whii'li  is  (lovernnienl  hnuL  The  Klainiith 
piHijf*ct  pos!^sses  niuny  unn>inal  feiUiiren  of  enginwrin^,  uuioiig 
which  are  itie  lowering  of  scventl  liikcs  aiit]  tlie  drying  up  of  other 
Two  at  thi»>4'  laki*s  an^  intt-rMatc  hinlies  nt  w liter  and  tjoth  ui-e  un\ 
gH  b  1  e,  1 1  i  s  1  it*ivss«  ry  t  o  I  ui  vc  a  s  j  tvv  i  u  1  a  ct  o  f  Co  i  tgi\*H*s  to  di  vert  t  h* 
wiitefs,  as  siH-h  diversion  will  affert  their  navijETaliility. 

In  the  nfternoon  the  supervinitifr  engineers  met  the  eonimittee  and 
disciissi*d  the  ivehiirL^lion  wiuk  for  the  p»ist  sea  Hon.  ■ 

The  committee  was  desirous  of  st>rurin^  all  the  information  obtain- 
able concerning  the  presiMM  stiitiis  tif  the  w(»rk,  and  took  advanUigi*  f>f 
the  oi>portnnity  of  receiving  the  facts  from  the  engineers  in  direct 
eliargi\ 

The  adjourned  eonferenr*  with  the  ecmmiittee  on  water  lawsi;  rind 
forms  of  w  ater  users'  associations  was  continued. 

January  IL — Thomas  H.  Means,  engineer  of  soils,  presided  at 
the  conference.  The  topic  of  discussion  was  the  duty  of  water, 
or  the  amount  of  water  required  to  properly  irrigate  the  lands  under 
project.  Under  the  terms  of  the  irrigation  act  it  is  necessary  for  the 
Reclamation  Service  to  determine  as  closely  as  possible  the  amount 
of  water  which  may  be  allowed  per  acre,  and  as  this  varies  with  the 
character  of  the  soil  and  the  actual  demands  of  the  various  crops,  it 
is  usually  a  matter  of  dispute  even  among  engineers  Avho  have  had 
the  best  opportunity  to  precisely  determine  the  question.  A  set  of 
rules  bearing  on  the  subject  were  finally  adopted  at  the  conference.** 

A  conference  w^as  held  with  the  committee  on  standard  plans  and 
specifications.^ 

Shortly  after  noon  the  engineers  called  on  President  Roosevelt, 
tow^hom  they  were  introduced  by  Director  Walcott  and  Chief  Engi- 
neer Newell.     The  President  said  : 

"  No  measure  of  public  importance  except  the  Panama  Canal  is  of 


•  See  committee  report,  pp.  173-177.  *  See  committee  report,  pp.  189-206. 
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deeper  interest  to  me  than  the  work  of  the  Reclamation  Service.  I 
am  greatly  pleased  to  enjoy  this  opportunity  of  meeting  with  the 
enp^neers  who  are  engaged  iij)on  this  very  important  work  of  devel- 
oping our  country's  resources." 

Thos(»  Avho  called  on  the  Pre^sident  were: 

Cyrus  C  Habb,  eiigiiuxT;  S.  K.  Baker,  bydrographic  aid;  H.  K.  Barrows, 
engineer;  Morris  Bleii,  onpineer  and  le>?nl  adviwr;  0.  J.  Blauchard;  F.  II. 
Cas^.  tr«rtic*  agent:  ('.  C  Covort,  assistant  engineer;  A.  P.  Davis,  assistant 
chief;  A.  L.  Fellows,  engineer;  J.  E.  Field,  engineer;  J.  M.  Giles,  assistant 
engineer;  N.  C.  Grover.  engine4»r:M.  U.  Hall,  bydrograplier ;  K.  W.  Ilawley, 
assistant  enginwT:  K.  E.  Ilorton,  hydrograpber ;  Edward  Jobnson.  jr.,  engi- 
n<»er;  A.  E.  Kastl,  engineer;  M.  O.  I^Mgliton,  bydrograplier;  H.  V.  Lem^^nager. 
draftsman;  .1.  B.  Lippincott.  suijervising  engincH»r;  I.  W.  McConnell.  engineer; 
Thomas  II.  Means,  entcineer  of  soils;  F.  II.  Newell,  chief  engimn^r;  T.  A.  Noble, 
engin(»er;  ('.  U.  Ollu'rg,  assistant  engin<H»r:  E.  T.  iVrkins,  engineer;  C  T. 
I'rali,  engineer;  .T.  II.  Qiiinton.  consulting  engineer;  S.  B,  Kobblns.  engineer; 
1).  W.  Ross,  enginw»r;  II.  N.  Savage,  supervising  engim»er;  W.  W.  Sebleeht. 
assistant  engin(H»r :  II.  A.  Storrs.  eb»ctri<'al  enginwT;  L.  11.  Taylor,  engineer; 
R.  F.  Walter,  engineer.  an«l  N.  E.  Webster,  jr. 

January  12. — Mr.  Jolm  E.  Field,  engineer  in  charge  of  the  North 
Platte  investigation  in  Wyoming  and  Nebraska,  discus-stnl  at  length 
the  Pathfinder  project.  Memlx^rs  of  the  Nebraska  delegation  in  Con- 
gress—Senator Dietrich,  Representatives  Hitchcock,  McCarthy,  Nor- 
ris,  and  Hinshaw,  former  Senator  Manderson,  and  Mr.  B.  A.  Fowler, 
of  Arizona — were  present. 

Following  Mr.  Field's  address  Supervising  Engineer  H.  N.  Savage 
gave  a  description  of  the  Shoshone  project  in  Big  Horn  County,  Wyo. 

Lat(T  a  conference  wns  held  with  the  committee  on  re<M)nnaissance 
and  survey,"  and  aiiotluT  with  the  connnittee  on  transportation. 

Jatunin/  lo-l'f. — Mr.  J.  J.  Hill,  president  of  the  (ireat  Northern 
Railroad,  addresscMl  the  engineers,  sj)eaking  of  the  great  work  of 
irrigation,  its  j)i-()gress  under  iiidivichial  efforts,  and  its  splendid 
future  under  tlie  irrigation  hnv.  He  promised  his  hearty  cooperation 
in  the  (loverniuent  work  in  tlie  tci*ritorv  tributary  to  his  lines. 

By  invitation  of  Senator  Bard,  chairman  of  the  Senate  Connnittee 
on  Irrigation,  the*  chief  engineer  and  j)rincipal  supervising  and  c<m- 
structing  engineers  of  th(»  H(»claination  Sei'vice  apj)eared  before  the 
connnittee  and  disciis-^(Ml  sevcnd  bills  of  importance  to  the  reclama- 
tion work.  Chief  Engineer  Xewell  explained  the  (»xigency  which  has 
arisen  necessitating  tlu'  proposed  legislation,  the  discussion  l)eing 
taken  up  by  Supervising  Engineer  I^ij)pincott  and  Mr.  Bien,  legal 
advisiT. 


■  So«'  couiniittce  report,  pp.  1. ST -ISO. 
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ADIHtEBH   MV  TIIK  ClirEF  KKCiliVKKIl  AT  KEi   PAtiO. 

At  8.J30  11.  111.  on  MoiuiHy,  Nnvf»jiiU*i*  14,  Uw»  rliief  eiigritif^r  cttU* 
tlie  f()iif«in*iK**  to  onlt^i-  fit  K!  Pases,  Tt^\,,  Hinl  made  an  informal  ad 
dress  tipiiu  Uie  (U'lraiiization  i>f  Uto  HiK^l^iuiition  S<*r^  ii'O  iiiid  iIk*  prill 
i*i|>iil  dmii^t«4  (fuit  liiiil  takoh  pltu^o  sinco  Hip  mei^ttii^  at  OgiJen,  A 
iitfornial  (Hs4'iissii>ii  followiMl,  <jui*siitjiiH  b4*iii^  iiiiswcn^il  nml  tlii>  ifc 
tails  n^fernnl  tn  (*uiiiinitUTs,  Tlu*  principfil  topir^  of  fliscussion  ar 
given  in  thi*  follnwing  pngt*H,  varionn  tleluiU  Ik^iii^  Hiiiplilied  ii^i  ih 
rtJHiilL  of  subsi^pieiit  j>roei\Hlinf|h, 


PURPOSE  OF  THE  MEETING. 


J 


i 


Thi*  prifiri|iiil  otifriiMH'i-*^  nf  lln'  H^f^laniation  Servii!^  hfkve  b^ei 
brought  tnjji^her  f(>r  Ihi^  s*hhjiuI  (inu*  in  a  *j^'i»*nil  incH^tin^  for  ih 
purpoH*  of  ilisnissin^  inatt^Ts  of  interest  to  all  and  of  ^^treti^thc-nini 
the  wurk  thrntigh  a  lar^^i"  roioprf»!ii*nsion  nf  its  H*opc  uiid  an  intt*r 
rlian^^'  nf  itlens.  In  llh*  hvo  atid  our  ludf  years  which  hari*  ciapt^ed 
sintH*  UiM  nH*lajnation  fut  went  into  idfiM  t  thr  H*H'laniatio[i  Service  hm 
^ruvvn  rnpitlly  and  luis  a|>pn>at!icil  lU'iirer  the  iiiatiirity  of  a  pernia^ 
Tient  or^ainzatioiL 

11m'  n^jiorl  of  the  i\rsi  ronfen*nn%  lu'hl  at  Ogdeii,  han  liei^n  jirinti 
as  Waler'Siipply  and  Irrigation  PajnT  No.  03,  and  lias  been  dis- 
trihnttHl  to  ail  rneinhei^s  of  thi*  Ifeclatnation  Service.  This  hasi  ^iervnd 
to  hi"inj^  ti>  tile  att4^nlion  of  idl  4>f  tlio  ineu  tiie  relation  of  one  part  oJ 
tlie  work  to  anotlier  and  Juts  served  in  rniiny  ways?  ns  a  text-lK>ok  oi 
nianiuil  of  instruetion  on  many  iiohits  that  liave  needed  explanation, 
It  is  j)r()postMl  to  embody  in  a  simihir  pampldet  the  results  of  the 
seeond  eonferenee  and  to  insert  discussions  of  details  supplementing 
tliose  iriven  in  ])aper  No.  J)8. 

In  the  general  discussions  which  are  to  follow  it  is  hoped  that  the 
various  engineers  j)resent  will  bring  forward  the  results  of  their 
ex[)erience  during  the  past  year,  show  what  improvements  in 
methods  have  been  successfully  tried,  and  point  out  difficulties  which 
may  i)e  avoided  by  others.  In  particular,  attention  should  be  given 
to  all  matters  of  economy,  both  large  and  snudl.  It  must  be  continu- 
ally borne  in  mind  that  although  the  Reclamation  Service  is  a  part 
of  the  administrative  branch  of  the  (lovernment,  yet  it  must  at  the 
same  time  be  a  strictly  business  organization  and  display  sound 
financial  judgment  i^^  seeing  that  there  is  received  for  every  expendi- 
ture the  equivalent  value. 

It  is  not  sufficient  in  the  operations  carried  on  under  the  reclamation 
act  to  merely  expend  the  reclamation  fund  for  good  works,  but  these 
must  be  financially  successful  and  must  return  to  the  Treasury  their 
original  cost.  In  this  respect  our  work  differs  from  that  of  almost 
every  other  operation  under  govermnental  auspices,  in  that,  while  wc 
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do  not  consider  interest  and  profit,  yet  we  must  get  back  the  invest- 
ment within  rehitively  few  years.  The  fiuid  must  l)e  preserved  for 
future  use  again  and  again  in  the  many  large  projects  which  are  now 
known  to  lye  feasible. 

The  definition  of  an  American  engineer  is  a  man  who,  for  $1,  can 
produce  results  that  another  man  can  for  $2.  This  idea  must  be  kept 
prominently  in  the  minds  of  all  of  our  men.  Advancement  in  the 
Keclamation  Service,  as  well  as  standing  in  the  judgment  of  the 
world  at  large,  is  dependent  upon  each  man  showing  that  he  can  and 
is  producing  substantial  and  permanent  results  at  a  relatively  small 
outlay  of  time  and  money.  As  employees  of  the  (Tovernment  we  have 
no  excuse  for  not  doing  good  work  and  completing  permanent  struc- 
tures; but  the  credit  which  is  properly  attached  to  these  is  largely 
nunlified  by  considerations  of  their  cost.  Extravagance  can  not  l)e 
tolerated.  At  the  same  time  it  i^  understood  that  the  Government 
is  not  parsimonious  nor  niggardly,  but  that  the  higher  officials  and 
the  public  recpiire  that  the  returns  shall  Ih»  commensurate  with  the 
outlay. 

There  is  one  direction  in  which  in  the  future  larger  exj^enditures 
should  be  made,  and  this  is  in  the  matter  of  complete  records  of 
expenditures  and  of  costs.  This  general  matter  of  lx)okkeeping  and 
cost  kwping  shoidd  be  discussed  very  thoroughly  at  this  confer^nce, 
and  ideas  developed  along  the  most  effective  lines  of  recording  essen- 
tial facts.* 

It  is  necessary  to  know  not  merely  how  much  has  l)een  paid  out 
for  various  purposes,  but  also  to  record  from  time  to  time  the  facts 
which  will  enable  careful  estiuiates  to  Im*  prej)are(l  of  the  exact  unit 
cost  of  each  class  of  work  or  kind  of  ()j)erati()n.  These  facts  are 
needed,  not  merely  to  show  what  has  been  acconiplisluHK  but  for 
guidance  in  preparing  future  estimates. 

The  reclamation  act  was  signed  by  the  President  on  June  17,  1J)()*J. 
or  twenty-nine*  months  ago.  During  that  time  work  lias  been  energet- 
ically pushed  in  all  parts  of  the  ai*id  region  in  the  survey,  examina- 
tion, and  beginning  of  large  works.  The  engineering  coi-ps,  which  has 
Ix^en  gradually  created  lo  nicest  the  needs  of  the  service*,  consists  of 
well-trained  and  experienced  men,  selected  through  the  Civil  Service 
Commission.  The  gathering  here  is  for  the  purj)()s(^  of  bringing  rep- 
resentative men  together  and  of  attording  opportunity  for  the  prin- 
cipal engineers  of  the  Kcclaniation  Service  to  meet  with  each  other  and 
with  citizens  and  statesmen  interested  in  the  future  development  of 
the  arid  region. 

The  foundation  of  success  is  in  securing  good  men  and  in  giving 
them  every  opportunity  and  cncouragenient  to  do  good  wgrk.     The 

*  See  report  «>f  conimiltee  on  costs  and  resultH,  pp.  102-173. 
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i^M^eBBintml  bringing  togfUior  <if  tho  priiioi^mt  men  ?4iouIc]  t.*TVr»i 
i)ii*ims  at  stirnnbttiiv^  jill  hi  rfTf^rtiif  I'tTort^i  him]  this  HtijiitiliiH  slMai 
Ite  trauHiiiittiHl  tn  tht^  iiH*n  in  tW  fit4d  wlin  oan  not  In*  <^Mi%*eii}niiJ, 
brought  togt^th«*i'  ut  ii  nmO^ri'iKH*  of  thif^  kintl.  ft  i**  iiteti inherit  cpi 
i^adi  of  th*'  ongiDtviN  not  only  lo  tissnt  in  tlir  (*onfi*n'ii*x»,  hut  to  ttb 
Imrk  Ut  liis  iissistniitis  or  snlioniituites  the  gCH>i]  rt*^iills  of  iL^itrlact^i^ 
men  in  similar  linen  of  work. 


4 


PERSONNEL  OF   THE   SERVICE. 

During  the  pmi  yonr  a  miishiemhle  numl>er  of  new  men  hgw  ' 
achh^l  Ui  thc^  IWkmatinn  8c»rvic^^  mortt  of  thust^  hcnn^  yoiiii^  m^i 
nnls,  nM^n   fii*sh   from  ml  lop*  wi(h  pHwl  t*«Iut*jition,   am  hit  ions  an? 
i'uger  to  t*nt(M'  upon  active  work*     Thcst?  yonng  iiH*n  shoiih)  In*  s^v^ 
eviTV   n^H!^onah|[»  i)])|>ortnnity  to  obtain   hn^adth  of  t^xperiHiiea.  fl 
froiii  innong  tlii^iJi  arc  U*  vonw  tho  "Strong  i^t\giuvi*rs  af  thr   fiiturf* 
Miioh  of  iJie  s^uoces^s  in  oonstrin'ling  rnal  o(K*niting  givat   irrigntia 
work^  iVBts  iiiKin  giving  thos**  ni^n  a  thoiumglily  practical  triurnngl 
rli^tails. 

Thoro  has  also  Ih^pb  atlded  a  numl>cr  of  moiT'  ex|ierii»m*eil  men  aj^ 
u  few  constructing  engiuivrs  of  liirgi'  n*pntatioiK     From  time  lo  tin 
(jttic^'  tH>nstnicting  cngiii*HU"s  will  Im^  aiMod,  thcst^  nion  IwiMtig  M*Ii'<*tfiir 
us  is  llic  ca^i  of  all  (jt  I  lei's,  throngii  ctnnjHMilive  civil-Ni^rviev  examina 
tion,  in  which,  however,  exjH^rient^  m  given  greater  wi*ight  thHii 
the  case  of  the  joungiT  mea. 

OROAXIZATIOX, 


iiiiina^ 
nifi^fl 


Next  in  importanco  to  the  actual  character  of  the  men  engaged  in 
the  Reclamation  Service  is  tliat  of  (lie  organization  or  relation  of  the 
various  men  to  each  other.  This  subject  is  one  which  has  heen  fre- 
quently discussed,  and,  while  in  a  l)road  way  the  details  have  been 
outlined,  yet  there  are  many  important  matters  for  further  discus- 
sion. A  committee  on  organization,  to  Ix^  designated  in  the  future, 
will  probably  make  a  report  as  to  the  present  views  on  the  subject. 

ENGINEERS    AND    ASSISTANTS. 

The  engineers,  assistants,  and  aids  of  our  various  classes  or  grades 
are,  as  a  rule,  systematically  gi'ouped  in  field  parties,  and  the  organ- 
ization should  Ije  such  that  no  confusion  can  arise  as  to  the  responsi- 
bility of  each  man.  Great  care  must  be  taken  in  s<decting  chiefs  of 
field  parties  to  see  that  each  has  an  adequate  force  of  assistants,  and 
that  tact  and  discretion  is  displayed  b}^  the  ciiiefs  of  independent 
parties  in  placing  the  assistants  where  they  will  be  most  effective. 
To  a  certain  extent  the  reputation  of  the  entire  Service  re^ts  upon  the 
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ies  operating  more  or  less  independently  away  from  central 


V«  DISTRICT  ENGINEERS. 

^^     The  district  engineers,  located  at  central  or  convenient  points  in 
^the  district,  are  responsible  for  all  of  the  engineers  and  assistants 
under  them,  and  as  the  work  develops  should  have  their  headquar- 
ters at  or  near  the  point  where  most  men  are  employed  and  where  a 
general  oversight  of  the  work  can  be  most  expeditiously  had.    Dis- 
trict offices  can  be  rented  when  in  or  near  towns  or  cities,  but  during 
^  the  past  year  there  has  been  a  tendency  to  move  the  district  offices  to 
^   the  point  of  construction  if  ordinary  facilities  for  mail  and  supplies 
'   can  be  had  there. 

FIELD  ASSISTANTS. 

The  conditions  of  employment  in  the  Reclamation  Service  are  dis- 
cussed in  Water-Supply  Pajjer  No.  93,  pages  24-35,  and  details 
relating  to  subsistence  are  shown  on  page  85.  The  underlying  law 
and  theory  has,  however,  not  been  fully  presented,  and  it  is  essential 
for  a  full  comprehension  of  the  subject  to  go  back  to  the  funda- 
mental principles. 

The  reclamation  act  does  not  bear  directly  upon  the  matter  of 
employment  and  subsistence  of  men,  but  by  inference  this  is  implied 
in  the  second  section,  authorizing  and  directing  the  Secretary  of 
the  Interior  to  make  investigations  and  surveys  and  to  give  esti- 
mates of  cost  of  all  contemplated  works.  This,  of  course,  neces- 
sitates the  employment  of  a  large  number  of  men,  and,  as  in  the  case 
of  all  surveys  in  distant  regions,  requires  that  certain  equipment, 
including  subsistence,  shall  be  furnished.  Since,  therefore,  the  recla- 
mation act  does  not  define  these  matters,  it  is  necessary  for  further 
details  to  consider  the  general  laws,  practices,  and  rulings  governing 
similar  ojx^rations  of  the  (lovernnient,  and  reference  should  be  made 
to  the  Revised  Statutes  and  more  recent  acts  of  Congress  and  to 
decisions  of  the  Comptroller  as  well  as  those  of  other  law  officers  of 
the  Government. 

As  illustrated  by  current  practices,  there  are  numerous  w^ays  in 
which  employment  is  had.  These  may  be  conveniently  classified  as 
follows : 

(a)  Appointment  l)y  the  Secretary  after  comj^etitive  civil-service 
examination  to  permanent  or  statutory  places. 

(6)  Appointment  l>y  the  Secretary  after  comj^etitive  civil-service 
examination  to  temporary  positions. 

(c)  Employment  by  subordinate  officials  as  required  by  exigen- 
cies. 

At  the  present  time  there  are  no  appointments  under  the  first 


i^nltf'gtiry,  a^  the  nH-Uimation  tiet  iiud  rtubsfH|itf*nt  acts  of  Congwi 
havi>  nol  rn^iilrd  luiy  shitiHoiv  phurs  nr  stilarics;  1h*iuh*  nil  nppnii 
HK'iHs  an*  othnuMy  Aty^i^imU'ti  \i^  ""  ti*m|K*rarY  "  tu  ilistiii|£i|]t^ii  Ui* 
fnmi  iippointiiienls  which  are  made  lo  lill  drfinitf*  J¥>^^itiorl8.  Th 
miittrr  is  t»\phiin*'il  in  W»h'i"  Supply  Pu|M*r  Nt*.  1*3,  jm^»  HT. 

Tht*  regular  4'iiiiduyc^»i's  nt  thi*  Ufrhujiatinn  Servien  fall  uiifltr  t 
R*cnn(l  catt^fTorv*  viss^  tln)?^'  appoitiknl  hy  thi^  Sorivt^iry  after  coi 
[H^titivi*  (*ivi[-s(*rvi(H*  4'Xamiiiritiiai.  'flic*  various  frradi*s  hihI  clai^ 
an^  ln'ioHy  tlest^rilx^il  in  Watt^r-Siipply  I*ap**r  Ni>.  !**S*  pagi^  'itn 

TI 1  o  f K*t'a s i ( >i  1  a  1  n r  WvUi  < * m p  1  n y vv^s  n I'l:  1 1 i nn  1  f o i*  t h i*  t  i iik*  I k^ i n|^  1 
HiginwiiH  in  \\w  t'wUi  hh  i*xipt*ijf.y  ariws,  muler  ihe  grntn*a!  aiithoritr 
givHi  by  i\w  St'cretar}^  to  t.*m|)loy  field  assistants.  Tlicir  [Amvi 
shciiitd  im  IiIIchI  as  s(H>n  a^  jHJSvsihii'  thrniigh  tHTtification  froiti  (li 
Civil  Service  Commissioih 

In  ihp  cm  play  1 1  u^i  it  at  fit'ltj  asyisinnts  niiv  tiiust  la*  tali('M  to  tH^ 
liiH'tly  htati*  anil  i-et^nrd  the  osseutial  faHn  as  to  tt^rms  uf  employ 
ini*!it,  tninsjK)rlatiniu  aiul  sii!)si^t*nKv,  and  to  astvrtaiu  that  tli^ 
ten  us  air  in  nn'ikvdaiuv  with  tlir  hiw  mul  aiLtliority  giveiL 

Karh  }wtxoij  **mplr>yed  shouhl  U^  furnishnl  with  a  writtt?n  wtati 
tncut  t'uveriiitr  all  of  thc^*  ti/riTiM^  mthI  ii  ctipy  shonhl  1m*  foi'wardet 
LiuiiMHiiattdy  to  tilt*  0i\w  uf  tin*  rtii**f  engineMT  ftjr  iviHinl  tluTt\     Tlii 
!^tatfiuent  sluadd  givt*  thi'  dales  of  iju*  lott<*rs  of  aiitliiirity   for  suel 
cinployaieiit  and  stati*  the  ra(t»  {"*''  *1*^V  or  month,  th<»  fart  wlieth^ 
transportation  is  to  l^e  fnniishi'd.  and  partirulnrly  the  terms  of  Htih^ 
s\sivur{\  \\w  drtte  of  si^rvitv,  and  the  tiine>i  when  snhsistcnc?e  is  to  be 
begun  or  discontinued. 

SUBSISTENCE. 

The  general  conditions  relating  to  subsistence  of  all  employees  are 
given  on  page  85  of  Water-Supply  Paj^ei*  No.  03.  Under  the  head 
of  subsistence  are  included  the  necessary  exj)enditures  made  for 
furnishing  food  and  suitable  shelter  or  space  for  sleeping  accom- 
modations. Where  men  are  employed,  as  tin*  majority  in  the  Recla- 
mation Service  are,  on  work  remote  from  human  habitations,  provision 
must  be  made,  not  merely  for  transjxn-ting  the  men  to  these  remote 
localitie>i,  but  for  furnishing  them  food  and  shelter  while  there.  Two 
divergent  and  apparently  contradictory  opinions  have  been  pre- 
sented'concerning  the  legal  basis  for  furnishing  subsistence.  On  the 
one  hand,  it  has  been  held  that  field  subsistence  is  furnished,  not  as  a 
perquisite  or  emolument,  but  solely  as  a  necessity  in  facilitating  work 
hi  the  same  way  that  horses,  wagons,  and  tools  are  provided.  On 
the  other  hand,  arguments  have  been  presented  to  show^  that  the  legal 
basis  is  to  l)e  found  in  the  fact  that  subsistence  in  the  field  is  a  part  of 
the  compensation  paid  for  services.  This  latter  is  probably  the 
correct  view. 
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KINDS   OF   SITBSISTENCE. 

Subsistence  may  be  considered  as  being  furnished  under  one  of 
several  heads: 

(a)  Subsistence  in  kind;  that  is  to  say,  the  issuance  of  rations  to 
the  members  of  a  party  in  camp,  and  their  preparation  by  i^ersons 
employed  for  this  purpose. 

(h)  Repayment  for  actual  and  necessary  expenses  incurred  when 
traveling,  when  supported  by  vouchers  executed  in  the  required  form. 

(r)  Payment  of  a  per  diem  allowance  in  lieu  of  traveling  expenses 
or  of  subsistence,  this  allowance  l)eing  sufficient  to  cover  the  usual  cost 
of  such  subsistence. 

LAWS    OOVERNING    SUBSISTENCE. 

The  fundamental  act  governing  subsistence  is  that  of  March  3, 
1875  (18  Stat.  L.,  452),  as  follows: 

That  hereafter  only  actual  traveling  exi)onses  shall  be  allowed  to  any  person 
holding  employment  or  appointment  under  the  Unite<l  States  *  *  *  and  all 
allowances  for  mileage  and  transi>ortation  in  excess  of  the  amount  actually  paid 
*  *  *  are  herel)y  de<lare<l  illegal ;  and  no  credit  shall  he  allowed  to  any  of 
the  disbursing  officers  of  the  Unitwl  States  for  payment  or  allowances  in  viola- 
tion of  this  provision. 

In  a  letter  from  the  Comptroller  of  the  Treasury,  dated  April  11, 
1905,  the  following  statement  has  been  made: 

Relative  to  the  field  men  of  the  Reclamatiim  Service  and  the  ]>ayment  of  actual 
traveling  exiKMises  incurrcnl,  or  a  i)er  diem  in  lieu  of  their  subsistence  and 
hKlging,  it  is  usual  In  all  branclu»s  of  the  (Jovernment  servire  to  i)ay  field  men 
cither  their  actual  and  nc<*cssnry  traveling  expenses  {iwt  of  March  '^,  1875,  IS 
Stat,  L.,  452)  up  to  the  mnxinium  (lci»artniental  liinit.  if  actually  incurretl  wIkmi 
traveling  in  the  field,  or  a  per  diem  as  connnuttnl  when  such  (»xpenses  are  com- 
niutable  and  connnuted  under  the  law. 

(Government  employees  are  not  in  a  traveling  status  when  either  at  their 
homes,  domlcih's.  or  at  tla'ir  stations.  A  station  is  a  place  the  opposite  of  the 
field.  Stationed  men,  when  paid  fnMii  a  lump  sum,  have  the  faet  taken  into 
consideration  ii!  fixing  tlieir  compensation,  tliat  while  at  their  ofiieijil  stations 
they  are  not  in  a  traveling  status,  and  are  not  allowtMl  traveling  cximmiscs  or  a 
eonunutation  in  lieu  thereof. 

Where  the  duties  of  :i  person  in  the  Keclamation  Service  riMiuire  him  to  be  in 
a  particular  plaec  for  a  long  period  of  time  performing  what  is  usually  known 
as  station  w(»rk,  such  person  can  not  be  considered  as  in  the  field  in  the  absence 
of  being  officially  stati(»ned  at  s(ane  other  place. 

LOCATION    AS    AFFECTINC;    SUBSISTENCE. 

The  question  of  siiijsistcnce  is  evidently  dependent  upon  the  loca- 
tion of  the  einplovec.  Four  distinct  conditions  appear  to  be  contem- 
plated by  th(*  law  and  regulations: 

(//)    Home. 

(h)   Station. 
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(r)  Fidd^ 

(if)   Tnivdinp, 

HnhidHtt  tiff  iff  ki^me* — Wfit'Ti  an  rtiipUiyiv  i?*  iii  liatno  no  ^titt^f 
in  fnnii^he<J,  Tin*  tjiifs^tioru  th**n'fi>iv,  as  to  what  ctiii^ttttr«v  a  h 
is  one  whirh  hiit^  t*i  1>e  consHl**rfMl,  In  the  cn*4(*  of  a  iiiiim't'i)  loan 
l4*st  i^  iiH  tu  tin*  ^K*»tu>n  tif  his  fiiniily*  If  n  man  i?t  5«i  lrK*3iti*iI  ttuil 
wife  18  with  him,  In*  i.s  a.Ksiinh'd  !<»  Im*  iit  hoiiie,ewti  Hunt^h  thi:* 
h  hral*^d  in  a  rntnp.  An  n  rule  no  quartern  or  ^iibstt^eiuxt  an?  alloi 
ijiifh*r  Hh^si.*  ronditioiiN. 

Stihxixtt'fity  at  ntrsttf*tt. — A   station  is  a   ilefiiiitf*  pliice  &t  locili 
where  a  man  or  IkxIv  of  men  is  hatntually  emploml,  micli,  tuv  exti 
j)hs  as  at  a  hwjil  *itlH*<*  of  (he  Rt^r-htmation  Sitviit  or  at  tho  point 
t^mstnutiun  nf  a  lar^*  wtirk. 

The  lo<*al  offieen*  a^  a  rule*  are  in  or  nt*ar  towiiji,  and  ButhNiMcmcp 
not  furnislied,  C)n  ecm  struct  ion  work,  hrm'evf*r,  qimrt<*rs  nr\\  a-* 
rule,  jmjviih^tL  ai*  is  tnistomary  in  sm^li  ra^ts,  as  rliore  arc*  ni>  lodgii 
phieei*  nmr  by  and  the  work  is  faeilitatt*d  by  having  th<*  inon  Iii 
I  lo^*  at  hand.  In  other  wonln,  hxlt^in^  is  provided  fur  the  n*«j 
\\m\  without  it  tlu-  work  would  sutFer,  bn^aiis*^  the  ni*»n  coiiid  n^ 
oth*'rwise  live  in  (lie  vicinity.  Food  \^  not  furnished  at  st«lmi 
<*?i*"eptiiii£  during  th**  [>reliminury  st»p«.H  of  esfal»lishin^  n  t*onstrin 
Htm  t  ami*,  when  the  [>arty  is  virtmilly  t»ri  a  fiehl  basis  and  has  not  th 
nitely  iiK'^nme*!  n  iK*rmancnt  jioHiiiotL  It  i??  n<»ee^ian'  to  draw 
nrhitnirv  line  In'tween  the  fiehl  roiidili(»n,  whtnT  the  Im^atioa  t* 
individuals  rintl  nf  parties  is  unsettled,  and  the  nunparativtdy  [M*rirm 
nentMatinn,  when  faeilities  for  prf>etiri?i^  ffK)d  have  Iwen  e.stabii6iitKl. 

Suhsistvncc  in  fJir  ficJil. — Field  location,  as  such,  is  distinguished 
by  the  fact  that  operations  are  not  at  any  one  particular  place.  The 
eqni|)nient  is  desi^rned  for  mobility  and  the  operations  are  carried 
forward,  nioviu"^  habitually  from  place  to  place,  generally  in  unset- 
tled regions.  The  fact  that  the  party  nuist  be  continually  on  the 
move  and  (hat  there  is  no  way  of  effectively  carrying,  forward  the 
work  without  furnishing  lodging  and  food  necessitates  furnishing 
these.  This  condition  is  well  recognized  in  all  surveys  and  explora- 
tions, and  individuals  or  corporations  carrying  on  such  work  habit- 
ually furnish  the  means  of  transportation,  tents,  if  needed,  and  all  of 
the  usual  food  nuiterials  in  the  raw  state,  together  with  a  cook  to 
prepare  and  si»rve  the  f(M)d.  Subsistence  is  thus  furnished  as  a  matter 
of  course,  and  it  |)ractically  goes  without  saying  that  when  an 
assistant  is  employed  on  a  surveying  party  he  is  fui-nished  with  the 
necessary  transportation,  equipment,  and  food.  This  is  not  generally 
recognized  as  an  emolument  or  penpiisite,  but  as  a  necessary  pre- 
recpiisite  to  carrying  on  the  work. 

Any  gain  to  the  individual  in  the  reduced  cost  of  living  is  con- 
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sidered  as  being  offset  by  the  arduous  labor  and  exposure  of  outdoor 
Ufe. 

Sitbsffitence  irhen  traveling, — In  the  ordinary  course  of  travel  sub- 

_    sistenee  is  obtained  in  an  entirely  distinct  manner  from  the  usual 

:    methods  in  the  field  work.     A  person  traveling  can  rarely  be  fur- 

:.    nished  with  crude  or  raw  food  materials  and  with  implements  for 

.    cooking  it.    As  a  rule,  lodging  is  obtained  at  hotels  or  public  houses 

.    and  food  at  restaurants  or  lunch  rooms.    In  this  case  payment  must 

be  made  from  day  to  day  for  meals  and  lodging,  and  the  method 

recognized  by  law  and  custom  is  to  refund  these  costs  upon  the 

presentation  of  the  customary  vouchers.    Each  person,  as  a  rule,  pays 

his  own  w^ay  and  submits  separate  vouchers,  while  in  the  case  of  a 

field  party  being  subsisted  on  rations,  these  are  purchased  by  the 

chief  of  party  and  the  individual  does  not  keep  separate  account  of 

the  cost  chargiMible  to  him. 

The  laws  and  decisions  applying  to  subsistence  seem  to  be  drawn 
with  particular  reference  to  traveling  expenses,  and  it  is  believed  that 
the  act  of  March  3,  1875,  relates  wholly  to  this  condition  and  not  to 
field  subsistence  furnished  to  parties  engaged  in  surveys.  Under  this 
view  it  is  ix)ssible  to  reconcile  the  two  distinct  opinions  above  noted, 
and  to  regard  allowance  for  subsistence  as  an  emoliunent  or  perquisite 
to  be  covered  by  the  appointment  of  each  person.  On  the  other  hand, 
the  subsistence  furnished  in  the  field  may  l)e  considered,  not  as  a  per- 
quisite, but  as  a  necessary  incident  to  the  work  in  hand. 

PER   DIEM    ALLOW^ANCES   FOR   TRAVELING   EXPENSES. 

Construing  the  act  of  March  3,  LSTn  (18  Stat.  L.,  452),  the  Comp- 
troller has  held  that  ''  the  allowance  to  an  officer  whose  compensation 
is  fixed  by  law  of  a  fixed  sum  in  lieu  of  all  expenses,  exclusive  of 
transportation  and  slee[)ing-car  faie,  is  not  authorized  by  law " 
(7  (^omp.  Dec,  MS.  17).  15ut  in  another  instance  it  was  held  that 
"this  act  refers  to  actual  traveling  expenses,  and  dotvs  not  prohibit 
the  head  of  a  de[)artni<'nt,  having  discretion  to  contract  for  the 
services  of  an  employee,  from  agreeing  with  such  an  employee*  uj)on 
an  amount  to  include  compensation  and  all  expenses.''  So,  also,  may 
the  contract  1h'  for  a  fixed  sum  as  compensation  (ind  (in  (imonnt  per 
(lay  an  add'tfiondl  cont pcnsaffon  irjfcn  ahsenf  from  /leadr/uarfers. 
If  actual  cost  of  trans])()rtation  is  given  also,  it  should  be  clearly 
stated,  as,  for  instance,  ''Actual  cost  of  transportation,  exclusive  of 
sleeping-  and  ])arl()r-car  fares"  (5  Comp.  Dec,  107). 

render  date  of  January  i^O,  1905.  the  Interstate  Connnerce  Com- 
mission adoptt'd  an  order  "  that  on  and  after  the  1st  day  of  February, 
1905,  inspectors  of  safety  appliances  will  be  paid  at  the  rate  of  $1,500 
per  annum,  and  in  addition  thereto  will  be  allowed  the  sum  of  $4 
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pi?r  day,  iiiHii ding  Sundays^  Bud  le^nl  holidays,  while  ji%viiy   f: 
phoiMt'  ntn\  jjt*tuii|ly  on  duty,  Ht*/"     This  (jnh^r  whs  ndoptinl  ufter  tJi 
mattt^r  luid  ]k^*h  upfHoved  hy  th**  Coinptrnllon 

It  iiuiVi  tiji*n*fon*,  Ih"  jH>ssU>h*  tn  iiUnw  a  jhm"  dit*tii  tu  thi*  eiigiiieen 
and  uthtT  trav*'liii^  cnijdnvtH^s  uf  this  Servirt'  as  nthlitional  roirT|H-ti 
^iutiou  for  eiirh  ih\\  iiicliidinjjf  Sundays  and  h*^t»l  holidiiys,  while  or 
official  chity  awtiy  from  tlu>ir  liunies  and  heiHlqnartei*?i»  \Vhi*ii  sudi 
a  p<T  tUi'iii  is  Hutliori/.tHl  nnd  iillowi^l  iho  eii^intH^r  should  mi 
approve  Hiiy  cluini  for  reinjbnrs«*meni  for  the  exi^en^sei^  of  (ifiii^ial 
travel  other  tlnin  thos<*  for  (he  actual  e<>5f  uf  transp<»rtntioiK  iiielud^ 
ing  regular  fares  for  railroad,  stennihoat,  and  stagt*  travel,  itHdiisive 
of  sleeping'  hikI  pari  or -ear  fairs  and  ne<Tss3iry  liviTV  hii'e.  When 
the  ejtpi^nse  of  steandK»at  travel  is  claimed  it  innst  \m  shown  whether 
nir^ls  wt*re  inel  tided  in  the  pa^ssage  rate,  »nd  if  so,  tlie  |M»r  diem  will 
not  lie.  ttlliiwed. 

In  eoinpulin^  the  per  diem  allowiHU^  fraetion:*  i>f  ii  day  should 
Ik*  disregarded.  When  trrtvel  or  duty  away  from  home  U*gins  l>t*fi>iv 
noon  or  ends  after  thmhi,  ihe  full  |H*r  rliem  for  that  day  shotihl  Ik* 
alhkwed;  when  sneh  travel  or  duty  ln^^ins  after  no*in  or  ends  iM^fnn* 
noon,  no  jmt  ilient  for  (hat  fhiy  should  1m^  allr>we*h  The  day  and 
hour  of  beginning  and  entling  travel  ttr  duty  and  any  ahseuee  from 
or  suspension  of  duty  while  away  from  h<mie  ami  headquarters 
should  N^  phiirdy  and  fully  stated  in  the  employee's  i^jairt. 

Xo  jwv  diem  sli<add  Ik^  allowcil  to  an  employi^e  for  days  when 
lifTTiie  or  at  Ids  headquarteiN  nor  when  at  any  camp  f>r  station  of  this 
Service  where  lu'  is  lodged  and  subsisted  at  a  table  or  mess  conducted 
for  the  employees  of  this  Service.  No  per  diem  should  be  allowed 
while  on  annual  leave  or  other  absence  from  duty,  whether  at  his 
home,  heachiuarters,  or  elsewhere. 

Should  an  employee  be  abs(Mit  from  his  home  and  headquarters  on 
official  duty  under  circumstances  uot  entitling  him  to  a  claim  for 
per  diem, as  upon  departure  from  his  home  or  headquarters  afternoon 
of  one  day  and  return  iK^fore  noon  of  the  day  follow^ing,  he  will  be 
entitled  to  reiml)ursement  for  his  actual  expenses  upon  submission 
of  a  voucher  properly  prepared  showiug  the  actual  expense  incurred, 
w^ith  subvouchers  for  the  various  items,  according  to  regulations 
now^  in  force. 
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PROPOSED  8TATK  CODK  OF  WATER  liAWS. 

By  Morris  Bien. 

INTRODlKmON. 

The  simplest  forni  of  regulation  of  the  use  of  water  is  best  exem- 
plified by  the  prescMit  laws  of  the  State  of  California.  These  declare 
the  principles  of  priority  and  beneficial  use*  and  provide  that  claims 
to  the  use  of  water  shall  be  recorded  in  the  form  of  a  notice  of  appro- 
priation and  shall  be  i)erfected  by  application  to  a  Innieficial  use. 

The  form  and  theory  of  these  laws  has  been  developed  by  several 
of  the  States,  which  have  followed  in  general  the  California  laws 
and  elaborated  upon  the  methods  established  in  that  State. 

The  operation  of  these  laws  places  no  restraint  upon  appropriations 
of  water.  Formerly  the  courts,  in  passing  upon  the  claims  of  the 
appropriators,  having  scanty  information  concerning  the  amount  of 
water  available  foi*  use,  with  no  guide  to  the  quantities  which  should 
l)c»  applied  in  th<»  cultivation  of  crops,  and  confronted  with  the 
excessive  claims  of  the  j)arti<»s,  often  adjudicated  rights  to  the  use  of 
water  many  times  in  (»xcess  of  the  amount  carried  by  the  stream. 
During  recent  years,  however,  the  knowledge  obtained  concerning 
the  discharge  of  streams  and  the  use  of  water  has  causiMl  such 
decrees  to  l)ecome  exceptional.  Nevertheh'ss,  the  need  for  a  more 
careful  regulation  of  the  ai)[)r<)|)riation  and  use  of  water  has  Ix^en 
apparent  for  many  yeai*s. 

In  ISOO  the  State  of  \\\()ming  enacted  i\  codv  of  water  laws  pro- 
viding for  a  thorough  su|)ervision  of  the  utilization  of  the  water  sup- 
ply of  th<'  State  tlirongh  i\  State  enginetM*  jincl  State  board  of  control, 
who  adjudicate  rights  to  the  use  of  water  in  th<^  first  instance,  and 
divisi(m  sujKTJntendents  and  water  nuisters,  who  have  immediate 
charge  of  the  distribution  of  the  water  in  the  various  water  divisions. 

Nebraska  subse(iuently  ado])te(l  a  code  of  water  laws  substantially 
the  same  in  principh*  as  those  of  Wyoming.  Idaho,  Utah,  and 
Nevada  in  lt)0;3  ado[)ted  codes  of  water  laws  based  upon  those  of 
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Wyoniin^*  witlu  hawtwer,  a  iuhmIh*!"  nf  imports ni  tncM^ifiration^  liV 
UiUnl  by  tin*  i*5ci>en<*ii(^  of  Wyoining  and  the  d4?veloj*iin.'rit  of  irrigi* 
tioii  pnirlicLv 

At  th**  M'Ntsiotis  of  till*  legislntiin*?*  c»f  Oregon  hi  id  Wadiiii^mi  n^ 
liKJi]  I  lie  jjovonuirs  were  iHrectuiI  Ui  jipiK>irit  (jvmiiitissjonH  to  pn*|isrf 
mill  Mjinnit  ilnif(s  nf  h  riHle  of  irrtpitiuii  Unv. 

At  II  joint  wpHHion  of  the  two  t4)tiimissit>n8  with  tht*  c*hit»#  en|ri»'^ 
nnd  (>th(*r  iiieniU'i-s  of  thi*  KodnnsiMion  Se^vil'i^  lu']d  In**t  August,  thr 
fmidtunental  pntu'iples  of  n  nuMlern  irriir^itton  rode  wert-  di.'^nincd 
Thi*re  was  uls«»  s«jinf*  niiisitji^nittoii  of  ttu'  pnivisioiiH  whi(*h  shnull 
br  ijHHH  [MirattHl  in  Hwrh  :i  rotii*  to  fii*-ilitati*  the  opcriiticmH  of  dfl 
Fodi^nd  (tovenijui'iit  in  rurryiiiir  oti  the  work  of  ec»iistnu*tin^  tW 
irrigrttion  system^  (■oiiti'in}*hili*d  hy  the  net  of  C<a»^i'**«H  apprtived. 
Jilji**  IT,  VJiY^  {'A2  Strtt,  L.,  itJSH),  known  m  the  "  reehiiij»thjn  act,**    M 

As  the  i-orjtlitie^riH  in  the  two  St iites  wen*  i^iniihir,  it    was  ilf^mwF 
advisable  for  the  I  wo  eoiiiMiissiuns  to  w*ork  in  harniony  find  ti>  pn^pim^ 
eodeji  whieh  shoiih)  \h*  m  xwnrly  ideiHi(*nl  hs  the*  rotidititmB  wotid 
permit  in  the  hope  tlnit  by  coo  j)e  nil  ion  the  ooniniis!^on^i  won  Id  W 
able  ki  ^iobtnit  to  tlie  i-espeetive  Ie|]ri^hitin'es  Ji  eode  whieh  slundit  bt 
nt\  expression  of  the  most  adviinei^d  devehjpineot  of  irrigttliim  law. 

At  the  eoiu*hision  t?f  the  joint  >^ession  uf  Ihi*  two  cornniiHsinn^ 
was  retjuesteil  to  prepare  a  (hit ft  of  a  eotle  of  water  hi%v8  lo  form 
banis  of  dit^m«sion  by  the  e<»nkniissions.  The  draft  was  prepared 
in  a  few  weeks  anil  widely  distrihnte<l  among  those  interested  for 
eoniTnent  and  i*i"itieisnu 

A  nuniber  of  v«biai)le  e*nnmentj4  .^nd  Nn^^e.slioiJ.s  have  been  pp- 
ceived,  enal)bn«i:  me  to  formuhite  amemhnents  which  a  subsequent 
carefid  study  of  the  (h'aft  had  shown  to  l)e  advisable,  besides  suggest- 
ing important  changes  and  improvements. 

I  desire  ])artieularly  to  express  my  obligations  in  this  matter,  to 
Messrs.  F.  I.  I)uid)ar,  secretary  of  state  of  Oregon;  A.  E.  Chandler, 
State  engineer  of  Nevada;  Clarence  T.  Johnston,  State  engineer  of 
Wyoming:  L.  G.  Carpenter,  State  engincHM*  of  Colorado;  D.  W. 
Ross,  engineer  in  charge  of  the  work  of  the  Keclamation  Service  in 
Idaho,  and  T.  A.  Noble,  engineer  in  charge  of  the  work  of  the  Recla- 
mation Service  in  Washington. 

PROVISIONS  OF  A  w at?:r  cooe. 

A  State  code  of  water  laws  should  provide  for  the  appropriation, 
adjudication,  and  apportionment  of  the  waters  of  the  State,  and 
divides  itself  naturally  into  four  branches: 

First.  A  declaration  of  the  fundamental  principles  on  w^hich  the 
right  to  use  w  ater  shall  be  based. 

Second.  The  adjudication  of  rights  to  the  use  of  water  claimed 
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under  the  laws  previously  in  force,  thus  determining  the  unappropri- 
ated public  waters. 

Third.  The  regulation,  control,  and  determination  of  the  rights  to 
water  to  be  subsequently  acquired. 

Fourth.  The  regulation  and  control  of  the  distribution  of  the 
water,  rights  to  the  use  of  which  have  l)een  established. 

In  discussing  these  branches  of  the  subject  the  important  features 
of  procedure  in  the  code  proposed  for  Oregon  and  Washington  will 
be  described. 

Hanic  principles, — Under  the  first  heading  the  fundamental  princi- 
ples are  few  and  well  established — namely,  that  all  the  waters  within 
the  limits  of  the  State  belong  to  the  public  and  are  subject  to  appro- 
|>riation  for  l)eneficial  use,  (»xcept  from  sources  of  supply  Avhich  are 
navigable;  that  the  l)en(»ficial  use  of  water  shall  l)e  the  basis,  the 
measure,  and  the  limit  of  the  riglit ;  that  the  use  of  water  is  a  public 
us<\  and  private  |)arties  may  exercise  the  right  of  eminent  domain 
for  the  utilization  thereof,  and  that  water  used  for  irrigation  shall 
Ih»  appurtenant  to  the  land  on  Avhich  it  is  used. 

AdjiKliratioit  of  prior  rights, — Under  the  si»cond  heading,  provid- 
ing for  the  adjudication  of  rights  claimed  under  prior  laws,  it  is  now 
generally  conceded  that  the  final  adjudication  nuist  l^e  by  the  courts. 
The  codes  of  the  diHerent  States  contemplate  various  forms  of  pro- 
cedure. In  the  code  propos^nl  for  Oregon  and  Washington  a  State 
engineer,  appointed  for  six  years  by  the  governor,  subject  to  con- 
firmation by  the  Senate,  is  to  make  a  complete  hydrographic  survey 
of  a  stream  system,  obtaining  all  the  data  necessary  to  determini*  the 
amount  of  water  available  and  the  rights  of  the  parties  entitled  to  the 
ust»  of  it.  This  uiatei'ial  is  turned  over  to  the  attorney-general  of  tlu^ 
State,  who  is  riMjiiii-ed  to  (Miter  suit  pi-oniptly  for  the  (l(»termination  of 
th(»  rights  of  all  |)arti(\s  and  to  ])i'()seente  the  same  diligently  to  a  con- 
clusion. In  all  suits  for  the  (l(»terinination  of  the  i-ight  to  the  use  of 
the  waters  of  any  stream  system  all  who  claim  the  right  to  use  such 
waters  shall  be  made  |)arties.  In  all  suits  involving  the  determina- 
tion of  water  rights  the  attorney-general  is  recjuired  to  intervene  on 
behalf  of  the  State  if  in  the  ()|)ini()n  of  the  State  engineer  the  publii! 
interest  requires  ir. 

Kstdhlishjucnf  nf  /wif  /vV///As.--The  third  subject — namely,  that  of 
the  regulation,  control,  and  determination  of  rights  to  the  use  of 
water  to  be  acfiuii'ed  -is  placed  in  the  hands  of  the  State  enginetn-. 
The  procedure  ])i()pose(l  is  substantially  the  same  as  that  adopted  in 
the  other  States  having  a  modern  irrigation  code,  with  some  differ- 
ences of  detail. 

The  princtipal  feature  to  l)e  noticed  is  that  before  any  work  look- 
ing to  the  construction  of  an  irrigation  system  is  connnenced,  and 
after  the  State  engineer  has  [)assed  upon   the  form  and  substance 
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of  tht''  a^iptieatian,  tlip  intPiilum  to  appmpruita  the  WAlc^r 
pul>lislif*(l  ill  a  inn\s|>aj>c*r  rirntlttU'ii  \i\  tlu' <*f>miiiithily.     Aftoi 
IHiblic-iilinii   tilt*  Slud^  4*tigim5t^!r  will  tii»pttive  tlie  u{ip!Leiilioti  \t\ 
VII lid  <>l)jtH'tinn  is  (>|iRHt*ntetU 

AVliiii  Oir  cfHistnicliori  is  co!iij>lctetl,  tlie  works  an*  i«>  1m?  in^^p 
hihI  appi'tntHJ  hy  iIm*  StHlt^  4*rigiju^H\,  who  will  ihvn  deltTiuiiH*  tb 
(!a parity,  whirh  will  limit  tlu^  amount  of  the  iippi>*pHiitit>ii,  Xt 
wiircls,  wIm^ji  thi*  vvHt<*r  is  applied  tii  »  lK»tH*HcinI  »isc?,  I  tit*  Stale  Hi^ 
iieer  will  inakt*  a  further  inH|HH'tioiK  wheivujion  ht*  is^uen  a  ttcHiM 
for  Uu'  Hpprnpnation  of  tht'  lumnuit  of  ^vatci'  whicli  has  lieeii  uppM 
to  a  J>t*n«*(i<*ial  hm*-  A  tiieu*  limit  is  Fixtni  for  iTjriipk'tion  of  com 
tiou  and  for  l>eoeHcial  hm', 

!>tMnhutt4m  tif  tntter.* — For  thp  dif^rihittion  of  Uip  wiittTi 
t!omt«i*  nndfi"  tJu^  fuiirtU  bramlu  tin*  Stati*s  aiv  fiivid**d  by  Uu*  law  inl 
four  water  divisions  hy  dnnna*:<^  ai*eas,  fadi  under  the  so |M*r%'i^ion  d 
a  water  e;ianrijissinorr  »p[ji)iij(tHi  Uy  the  snpn*tij*'  eonrt  of  I  he  Sut« 
The  finietioOH  of  these  (*<aiin»issic>nei's  aif  the  dii^tribiitioti  of  w«t« 
imder  jutjirial  fhvnei*  or  apfHiipriation,  ainl  they  may  thetx^forv  t« 
rt^pinliHl  as*  in  a  sense,  ofHeials  of  iht*  riuirt.  Tin*  binr  water  mm- 
niissioners^  with  the  State  enf^inwr*  etmstitute  a  lioaini  of  watci 
eommissiiniers,  of  whirh  iht*  latter  is  [)n*sidt*rit.  The  winter  eouinii^ 
jsioners  ^^leh  si*rve  six  years,  their  terms  Wnwg,  s*j  arrait^^fHl  that  ii  iit'W 
one  hi  apjioiiited  every  two  years.  This  biMird  Ims  ^Eit9nil  liupervi- 
sion  over  the  w  aters  of  the  Slate. 

The  aetiia!  work  "f  distributing  the  waters  to  those  entitled  to  ns^e 
I  hem  is  ihme  by  w^ater  masters  ai)pt»inted  hy  the  water  cfymmissionen?, 
wilh  tlu>  apf>i"<rval  of  the  State  t^ntrineer.  P^aeh  water  nta^^ler  hH^ 
eliar^'  cjf  ji  waiter  dislriet  s<>l  apart  by  the  State  en^neiT  as  fomul 
neci^^^sary  from  time  to  tinHv  TIm'  o|MM'ations  of  the  water  master 
are  inidi'r  the  sufM^r vision  of  tlie  wah^r  eouimissioner,  and  his  acts 
are  hui^jeel  to  aj)pi'al  U}  (he  Stato  en^jriiieer. 

The  cost  of  the  water  distribution  is  borne  by  the  water  users. 
The  general  expenses  of  (he  State  engineer  and  the  water  commis- 
sioners are  paid  by  the  State.  The  greater  ])art,  if  not  all,  of  this 
expense  will  lie  returned  to  the  State  treasury  by  the  fees  collected 
by  the  State  engineer  and  by  the  repayment  of  the  cost  of  hydro- 
graphic  surveys  by  the  parties  to  the  suits  for  adjudication. 

The  States  and  the  Reelamation  Serriee. — Special  reference  shoulc 
also  be  nnide  to  the  features  of  the  draft  relating  to  the  work  undei 
the  Federal  reclannition  act. 

In  order  that  the  State  may  obtain  the  full  benefit  of  this  worl 
and  prevent  serious  interference  with  and  perhaps  the  entire  aban 
donment  of  the  projects  to  be  investigated,  it  is  provided  that  th< 
water  supply  for  such  projects  shall  be  reserved  from  general  appro 


Wl  NBWELL.1  STATE   CODE    OF    WATER   LAWS.  33 

w  priatioii  until  the  investigations  of  the  Reclamation  Service  shall 
'  determine  the  precise  amount  required  for  the  project,  the  remainder 
-  being  then  released  from  such  reservation. 

It  is  also  provided  that  State  lands  coming  under  such  project 
shall  be  disposed  of  in  harmony  with  the  plans  for  the  disposition 
of  the  lands  of  the  United  States,  and  that  lands  required  by  the 
Reclamation  Service  for  irrigation  works  shall  be  transferred  to  the 
United  States  without  charge. 

In  all  future  sales  of  State  lands  the  conveyance  is  to  reserve  a 
right  of  way  for  ditches  or  canals  constructed  by  authority  of  the 
United  States. 

The  theory  of  these  provisions  is  that  the  State  regulates  the  appro- 
priation of  the  water,  exercising  this  power  and  holding  the  land 
in  trust  for  the  public,  and  that  when  the  intere^sts  of  the  public  are 
so  directly  involved  as  in  these  large  irrigation  projects,  and  when, 
further,  there  is  no  element  of  individual  speculation  or  profit  in  the 
construction  of  the  works,  which  are  for  the  purpose  of  establishing 
the  maximum  number  of  homes  on  the  land,  it  is  the  duty  of  every 
State  to  which  the  reclamation  act  is  applicable  to  assist  with  every 
resource  under  its  control. 

Other  prorhiions, — It  will  bt».  of  interest  to  review  several  of  the 
other  provisions  of  the  draft. 

Units  of  measurement  are  established:  the  cubic  foot  per  second 
for  the  flow  of  water  and  the  acre-foot  for  volume.  The  miner's  inch 
is  fixed  as  one-fiftieth  of  a  cubic  foot  per  second,  unless  a  different 
ratio  has  been  agreed  upon  by  contract  or  established  by  actual  meas- 
urement or  use. 

The  amount  of  water  which  may  1h»  appropriated  for  irrigation 
is  limited  to  1  cubic  foot  per  second  for  70  acres  or  its  e(juivalent. 

WTiile  it  is  conceded  that  water  used  for  irrigation  must  l)e  appur- 
tenant to  the  land,  the  fact  nuist  b(»  recognized  that  conditions  may 
arise  to  make  it  impracticable  or  uneconomical  to  contiinie  to  irrigate 
a  particular  tract.  Provision  is  made  so  that  the  use  of  water  may 
bi»  severed  from  the  land  after  application  to  the  State  engineer, 
due  publication  of  notict'  of  such  intention,  and  a[)proval  by  the 
State  engineer.  Similar  provision  is  made  for  a  change  in  the 
nature  of  the  use  to  which  the  water  is  applied,  or  a  change  in  the 
place  of  diversion,  storage,  or  use. 

The  subject  of  si^epagc  water  is  one  that  has  given  nnich  trouble, 
and  provision  is  made  for  the  appropriation  thereof  in  the  same 
manner  as  other  waters,  with  the  requirement  that  the  appropriator 
must  pay  reasonable  charges  for  storage  or  carriage  to  the  owners 
of  the  irrigation  works  from  which  it  comes,  provided  that  the 
seepage  can  be  traced  to  such  works  beyond  reasonable  doubt. 
IRR  146—05  M 3 
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All  dec^isiouji  of  the  State  ©iiginror  or  w:it*T  (."amnitssiatiHE^  aff0 
ing  a  8iil)shintiHl  ri^ht  sin*  M»Uj<H*t  to  apiK^stl  to  thi*  nmrts, 

Thr  fomiinssintis  <if  I  he  two  StiiU*^>  pri?[>atvd  Jraft.s  of  rotJes  uj 
Hubstantitilty  thi^  priucii>li*^  \mmn  ontlim*tL  The  lepHlatiire^  did  luA 
howcMvn  tidopt  them,  Init  paHS^nl  tvrlaiii  laws  govtTiiiii^  thi*  ^^*ii»*ti1 
protH'durt'  in  rrjiTHid  to  tin-  iidjtidieation  of  rights  to  the*  nso  of  tvater, 

In  Oregon  the  ofliee  of  State  engineer  wa.s  ivslablished  and  {jnnidoi 
WHj^  rriJMle  ftn-  a  sv.sti^Ta  of  filing  and  ndjildieatiii^  water  rights.  J 

An  irripUion  eoile  witliont  iitaterial  elian^'  frotii  that  herein  dtfj 
€'us«t^d  WHS  ndtjj>ted  early  in  IWii  hy  thtj  legislaturcii  of  North  nakott. 
South  Dakota.  an<l  Oklahoma,  M 

During  the  legislative  ^^ssion^  of  VMKt  act^  were  paased  in  Colpraffll 
Idaho^  Aloiitana,  Nehra^ska,  Nevada,  New  Mexiet^,  North  Daktita. 
Okhihotna*  ()re*:r<^tK  ScmuIi  Dak^ila*  t'tah,  Waslinigton,  and  Wyoming, 
proviiling  for  e4K>j*erahon  with  ttie  work  of  the  Unitetl  States  in  the 
canNtrnetton  of  reehinmiion  projeets  itj  regard  to  one  ur  more  of  the 
following: 

(a)  Necv^ssary  wator  supply. 

(b)  Rights  of  way  over  State  landa. 

(c)  Condemnation  of  privnta  profRTtyt 

irVDKOGUAPIIIC^  l^m^KTKJATinXS  IN  XETAI>A. 

By  A.  E*  CiiAA-nLEu, 

Tliere  are  four  important  river  systems  in  Xeviuhi,  tliive  of  whieh^ 
Truckee,  Carson,  and  Walker  rivers — rise  in  the  high  Sierra  of 
California  and  flow  through  fertile  valleys  to  inland  hikes  in  Nevada. 
In  the  high  mountain  country  tributary  to  the  three  rivers  there  are 
numl)ers  of  Ixnuitiful,  tree-fringed  lakes.  The  largest  of  these  are 
in  the  Truckee  basin.  Lake  Tahoe,  with  its  area  of  195  square  miles, 
being  by  far  the  greatest  in  size.  The  Truekee  empties  into  Pyramid 
and  Winnenuieea  hdxes,  the  Carson  into  Carson  Lake  and  Carson 
Sink,  and  the  Walker  into  Walker  Lake. 

The  fourth  river  of  importance  is  the  Humboldt,  which  has  the 
distinction  of  l)eing  entirely  a  Nevada  river.  It  rises  in  the  high 
mountains  in  the  extreme  northeast  corner  of  Nevada  and  flows  in 
a  general  southwesterly  direction  for  ^^50  miles  to  Humboldt  Lake. 
Twice  within  the  last  fifty  years  the  flood  waters  of  the  Humboldt 
have  reached  Carson  Sink. 

•  The  lowest  reaches  of  all  four  rivers  vary  but  little  in  elevation — 
the  lowest.  Lake  Winnemucca,  possessing  an  altitude  of  3,825  feet, 
and  the  highest,  Humboldt  and  Carson  lakes,  4,100  feet.  It  is  worthy 
of  note  that  the  Truckee-Carson  project  now  being  constructed  by 
the  Reclamation  Service  will  utilize  the  waters  of  the  Truckee  in 
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the  Carson  basin,  and  may  carry  the  commingled  waters  of  the  two 
rivers  to  Lovelock  Valley,  the  lowermost  valley  of  the  Humboldt 
basin.  When  it  is  added  that  it  is  practicable  to  connect  the  Walker 
with  the  Carson,  the  close  proximity  of  the  four  streams  in  their 
lower  basins  must  be  apparent. 

Besides  the  four  rivers  mentioned  above  there  are  sc»veral  smaller 
rivers  and  a  multiplicity  of  mountain  streams.  Salmon,'  Bnmeau, 
and  Owyhee  rivers  rise  in  the  extreme  northern  part  of  Nevada 
and  flow  northerly  into  Snake  Kiver  in  Idaho.  Virgin  River  rises 
in  southwestern  Utah  and  flows  across  the  southeast  corner  of 
Nevada  to  join  the  C'olorado.  Muddy  River  has  it.s  source  in  springs 
on  tlie  Moapa  Indian  Reservation,  in  Lincoln  County,  Nev.,  and  flows 
for  BCiniles  tlirough  the  same  country  to  its  confluence  with  Virgin 
River.  Quinn  River  and  it.s  tributary.  Kings  River,  rist»  north  of  the 
Oregon  line  and  flow  southerly  and  westerly  a  distance  of  80  miles, 
to  sink  in  the  Black  Rock  Desert  of  northwest  Nevajla. 

Throughout  the  central  portion  of  Nevada  there  are  numerous  high 
mountain  valleys,  the  Avaters  of  which  l)elong  to  none  of  the  systems 
enumerated  above.  The  small  streams  have  their  source  in  the  snow- 
capi:)ed  jK^aks  of  the  neighborhood  or  in  springs  at  the  base  of  the 
range.  The  scattered  mining  camps  nuike  the  produce  of  their  val- 
leys very  valuable,  and,  as  irrigation  is  absolutely  necessary,  all  the 
Avater  is  utilized. 

The  first  systematic  stream  measurements  in  Nevada  were  made  by 
the  United  States  Geological  Survey  on  Truckee  and  Carson  rivers 
from  1880  to  I81)*J.  (laging  stations  were  established  by  the  same 
agency  on  Humboldt  Rivei*  in  181)4  and  have  l>een  continued  to  the 
present  time.  MeasurcuKMits  wen*  also  made  at  stations  on  Walker, 
Carson,  and  Truckee  riv(»rs  during  ])art  of  the  year  IIK);*). 

The  Congi'essional  a|)|)r()priati()ns  for  hy(ln>gra[)hic  work  made 
possible  the  establislnnrnt  of  a  ininilMT  of  new  stations  in  the  basins 
of  the  four  rivers  in  181)9-11)00,  and  the  scope  of  the  work  has  been 
extending  ever  since.  In  11)0:>  the  Nevada  legislature  created  the 
office  of  State  engineer  and  provided  that  among  his  duties  should 
Ik*  the  measurement  of  streams  and  ditches.  In  order  to  avoid  dupli- 
cation in  work  thv  United  Stales  (ic^ological  Survey  has  made  th<» 
Nevada  State  engineer  its  district  hydrographer,  and  all  gaging 
stati<ms  are  maintained  according  to  Survey  regulations. 

At  present  then*  are  maintained  thn^e  gaging  stations  on  the 
main  Humboldt  and  one  on  each  of  three  tributaries — North  Fork, 
South  Fork,  and  V\iw  Cre(»k.  There  are  four  stations  on  the  main 
Truckee,  one  on  the  inlet  to  Lake  Winnenuicca,  and  four  on  tribu- 
taries in  California.  On  each  of  the  two  branches  of  Carson 
River,    East    and    AA^est    forks,    stations    are    maintained,    and    a 
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third  m  yituftted  on  the  main  Cai**=on  River  lielow  upper  CurHcm 
Valley,  in  which  the  two  forks  converge.  PeriHaneni  stations  have 
also  Well  estat>lished  on  East  and  West  forks  of  Walker  River* 
and  oil  the  main  river  Ht  ttie  lower  end  of  Masrui  Valley,  in  which 
the  two  branches  join. 

In  VM}:\  the  vState  engineer  was  a^^ked  by  the  jK^ople  of  Mnddv 
River  Valk\v  to  report  on  a  rewrvoir  site  existing  immediately  alxive 
ih^  valley.  The  site  is  undonbtedly  ^ood,  bnt  the  water  supply  is 
qnestionable.  In  order  to  intelligently  n'|K^rt  npun  the  matter  a 
gaging  station  was  established  u])oii  the  river  immediately  alxjve  the 
reservoir  site  and  has  been  maintained  since  January  1,  1&04, 

The  small  and  scattercHl  population  of  Nevada  make  the  mainte- 
nance of  good  stations  a  very  serions  problem*  It  does  tmi  suffice  to 
find  the  point  which  is  the  Ijest  physically  for  a  station,  but  rather 
a  hal>itation  most  first  Im,*  foinnl  ntul  then  some  point  in  the  vicinity 
sel*M'ted  at  which  to  establish  a  gage  rod.  At  tlie  majority  of  the 
stations  the  gage  roil  and  cable  from  which  measurements  are  made 
have  to  lie  separated  by  long  disi antes,  often  one-hjftif  mile.  For 
gage  readers  then?  is  little  choice;  every  tyf>e  is  engagiHl,  from  the 
?imall  schoollMiy  to  the  uneducated  but  faithful  Italian  farmer. 
Tlieiv  are  a  nnml»er  of  important  trilMitaries  to  Ilnmboldt  River  on 
which  it  is  desired  to  conduct  a  series  of  nieasio*emeuts,  bnt  on  which 
no  j>nicti cable  station  can  be  fotmd  within  miles  of  a  residence^ 

The  following  remarks  will  show  the  fluctuations  and  average  dis- 
charge at  a  number  of  Nevada  stations.  The  flow  of  the  Truckee  at 
Vista,  at  the  lower  end  of  the  largest  irrigation  valley  in  the  basin, 
has  varied  between  7,510  second-feet  in  May,  1890,  and  61  second- 
feet  in  August,  1900.  The  mean  annual  discharge  for  the  year  1891 
and  for  the  years  1900  to  1903,  inclusive,  was  571,446  acre- feet. 

The  station  on  the  Humboldt  at  Oreana  is  immediately  above  the 
lowermost  valley  of  the  basin.  In  May,  1897,  the  flow  was  3,047 
second-feet  and  in  October,  1903,  but  8  second-feet.  The  mean  an- 
nual flow  for  the  i)eriod  1896  to  1903,  inclusive,  was  169,390  acre- 
feet.  The  station  at  Golconda,  on  the  Humboldt,  is  about  100  miles 
above  the  one  at  Oreana.  The  records  show  that  the  fluctuations  at 
Golconda  were  from  3,100  second-feet  in  May,  1897,  to  nothing  in 
the  fall  months  of  a  few  years.  The  mean  annual  discharge  for  the 
and  for  the  years  1900  to  1903,  inclusive,  was  571,446  acre-feet 

The  station  on  South  Fork  of  Humboldt  River  is  about  6  miles 
above  its  confluence  with  the  main  river.  In  June,  1899,  the  flow 
was  1,370  second-feet  and  the  stream  is  often  dry  in  September.  The 
mean  annual  discharge  for  the  period  1897-1903,  inclusive,  was 
130,057  acre-feet. 

Carson  River,  at  Empire,  has  varied  from  6,278  second-feet  in 
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May.  1890,  to  15  seoond-feet  in  September,  1902--S.  The  mean  annual 
discharge  for  the  period  1901-1903,  inclusive,  was  323,547  acre-feet. 

The  present  stations  on  Walker  Kiver  and  its  branches  were  not 
established  until  late  in  1902.  The  discharge  for  1903  of  the  main 
river  at  Wabuska,  Nev.,  was  122,888  acre-feet;  of  East  Walker,  near 
Yerington,  Nev.,  79,562  acre- feet;  and  of  West  Walker,  near  Cole- 
ville,  Cal.,  225,091  second-feet. 

Besides  the  work  at  regular  stations,  miscellaneous  measurements 
of  mountain  streams  and  ditches  have  been  made  during  every  sum- 
mer since  1900.  It  is  proposed  to  continue  these  measurements  in  the 
future  with  special  reference  to  the  determination  of  the  return 
waters  after  irrigation  and  to  the  duty  of  water. 

During  the  season  1903-4  a  number  of  rainfall  stations  were  main- 
tained at  points  in  the  Sierra  Nevada.  These  stations  are  now  being 
cared  for  by  the  United  States  Weather  Bureau.  A  series  of  such 
records  will  be  of  the  utmost  importance  to  those  interested  in  irri- 
gation, as  it  is  to  the  mountains  we  must  look  for  our  water  supply. 
Until  these  stations  were  established 'hut  few  rainfall  records  were 
obtainable  for  the  higher  altitudes. 

POWKB    KN^GEKTEBRIKG    APPIilirD    TO    IRBIGATIOK 

PROBIiBMS. 

By  O.  H.  Ensign. 

In  a  paper  treating  of  the  growth  of  the  use  of  power  applied  to 
irrigation  work  some  statement  concerning  the  history  of  the  develop- 
ment and  transmission  of  power  by  electrical  means  will  not  be  out 
of  place. 

BEGINNINGS   OF   POWER   TRANSMISSION. 

In  1893  there  was  started  in  Mill  Creek  Canyon,  above  Redlands, 
CaL,  the  first  three-phase  alternating-current  power-transmission 
plant  in  the  United  States.  This  plant  utilizes  the  waters  of  Mill 
Creek  under  a  head  of  580  feet,  using  impulse  water  wheels  directly 
connected  to  three-phase  generators.  This  was  one  of  the  first  plants 
in  which  the  water  wheel  was  directly  connected  to  the  generator, 
and,  while  it  was  essentially  crude  as  compared  with  later  develop- 
ment, it  has  been  in  continuous  service  down  to  the  present  time; 
from  it  was  built  up  a  system  of  power  transmission  which  now 
covers  a  territory  150  miles  long  by  50  miles  wide,  supplying  power 
for  all  manner  of  use.s ;  and  from  the  possibilities  demonstrated  by  it, 
confidence  was  created  and  similar  transmission  systems  have  sprung 
into  existence  all  over  the  country.  As  a  direct  object  lesson  in  irri- 
gation it  is  probably  one  of  the  most  interesting  developments  in  the 
West 
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SiNtT  till*  firMt  pltijit  wns  iH»a^t nM*t(*<l  (lu*  iSJiHie  ctnupuny  uiidcrl 
imd  brougUt  to  u  i^iKTt^asful  rnnclusicti  the  instalUtiun  of  the  &fB 
hm^-i\\Miini*t^  liiu'  in  thv  worl*!,  inntsniitliiit^  powi*r  fmrn  Saiita  Am 
('anyun,  nuothtM'  stream  of  tht*  Hiui  IVernanlinu  MnuntainH.  lo  tli< 
ci ty  o f  Iam^  a n p*  1  «*s,  h8  i n 1 1 i*s  ii w t4 y ;  \v h i* 1 1  re i n st r u r t<H I  this  line  wa ; 
nearly  Uuhh*  tinies  iht*  leii^h  and  mrrii'd  tlirri-  times  the  voUftgi*  ol 
any  <^vistmg  systi^in,  lM*iii^^  rijnstnjctml  fai  o;i,(HK*  vcjUs. 

From  ail  operating  stau<liHMnl.  as  well  as  any  other,  thiB  syst<*ni 
fias  \wi*t\  n  p»*rfet*t  sill '1 -ess  fn»ni  Ma*  v<*ry  l>i^^rinniti^,  niul  within  (he 
last  two  years  tlun'  has  Imh^h  toustnirCiMi,  also  in  Mill  Cax^k  Canyoa 
urmther  jNnver  phinl  feeding  into  this  tninsnusisiun  sy^tyem,  o|Jcriitiiig 
nnder  a  hydrauliehi^nd  of  KtiliU  fe<*(.  This  ])lant  1ms  W^m  in  opera tian 
tor  eiglklei*!!  mtHiths  witiiout  a  slint  down  from  any  cauHt*  due  to  the 
p]ani>  ami  when  it  is  coiihidered  that  this  is  the  highest  pressui*e  under 
ivhirh  II  large  wutt-r  whrtd  is  o|>t*rating  any  when*  in  the  worhU  thfi 
reHiihs  may  he  regii riled  as  truly  phenianenal.  Since  this  highdiead 
plant  has  lanm  in  operation  a  similar  one  in  the  northern  pari  of  the 
Stale  has  U*en  started  whieh  has  sin;>:le  units,  developing  T/»00  hun^ 
puwer  in  a  singh*  jet  under  a  lJ(HVf*>ot  ht*ad. 

Owing  to  the  fart  that  the  demands  had  grown  l>eyond  the  imme- 
diate pnielieriljle  di^velojjinent  tif  further  water  power  in  thit^  ;^»etion 
then!  has  Unni  recently  installed  as  an  addition  tu  I  Ids  system  a  steata 
tnrhine  plant  whieli  ftn^ls  into  tin*  sann*  transnnssion  Hneg  and  dis- 
tril)Uting  systems  fonnerly  supplied  l>y  the  wtiter-power  plants  alone; 
this  |>lant  has  [k^vii  in  entirely  successful  opera t inn  withuul  inn-rnip^ 
tion  for  nine  months.  There  is  also  heing  constructed  a  plant  of 
20,000- hoi-sepo we r  transmission  to  tie  into  this  system  from  an 
entirely  different  watershed  IK)  miles  away. 

We  have  here,  then,  in  a  single  system,  an  example  of  the  develop- 
ment of  pow(»r  transmission  through  all  its  phast»s.  Still  operating 
vm  the  system,  too,  is  the  first  thre(»-phase  induction  motor,  the  first 
three-j)hase  synchronous  motor,  the  first  large  unit  on  extremely  high 
heads,  the  first  four-stage  vertical  steam  tuihine  in  the  United  States, 
and  the  first  »5.*^,()()()-volt  line  of  the  world  to  he  successfully  operated. 

This  little  historical  sketch  is  given  hecause  in  this  system  are 
exemplified  tlie  j)()ssibilities  of  development  of  irrigation  systems 
along  similar  lines,  and  hecause  in  it  there  is  afforded  an  opportunity 
to  study  the  d<'^'elopIMent  step  by  step  and  to  profit  by  mistakes  as 
well  as  by  improvements. 

laaiGATioN  Axn  power  transmission. 

The  promoters  of  this  system  little  dreamed  when  they  started  the 
small  plant  in  1803  that  one  of  its  greatest  sources  of  revenue  would 
ctmie   from  pumping  w^ater  for  irrigation,  but  to-day  the  waters 
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which  jSow  down  the  canyons  of  Mill  Creek. and  Santa  Ana  River 
are  made  through  this  means  to  furnish  power  for  pumping  water- 
from  wells  in  sufRcient  quantity  to  irrigate  a  section  of  country  nearly 
four  times  as  great  as  that  which  the  water  from  the  streams  them- 
selves irrigates.  There  are  107  of  these  pumping  plants,  with  8,050 
total  motor  horsepower. 

EFFICIENCY  OF  TRANSMISSION   SYSTEMS.  . 

A  common  error  into  which  laymen  are  often  led  is  in  regard  to 
the  all-around  efficiency  of  a  hydro-electric  transmission  pumping 
system  as  usually  installed.  Most  of  the  pumps  operated  on  this  sys- 
tem are  of  the  vertical-shaft,  centrifugal  type,  placed  at  the  bottom  of 
a  shaft  whose  depth  corresponds  to  the  original  level  of  the  water 
plane.  The  pump  is  equipped  with  a  suction  pipe  lowered  into  a 
driven  well  and  supplying  water  through  a  discharge  pipe  to  the 
surface  of  the  ground  or  reservoir  or  perhaps  to  an  elevation  some 
distance  beyond  the  location  of  the  well.  Taking  the  average  of 
these  conditions,  the  water  horsepower  to  be  created  in  the  pumped 
water  delivered  to  the  irrigation  ditch  will  not,  as  a  rule,  exceed  22^ 
per  cent  of  the  all-around  efficiency  from  the  water  on  the  water 
wheels,  and  will  often  fall  below  that  figure.  On  the  other  hand,  a 
system  could  be  built  up  for  a  special  purpose,  with  short  transmis- 
sion in  large  units,  whose  efficiency  would  be  as  high  as  32  per  cent; 
and,  according  to  the  clahhs  of  certain  manufactureirs,  in  a  system 
where  the  pumping  plants  required  high-lift  pumps,  as  high  as  42 
per  cent. 

The  above  efficiencies  are  all  based  on  tlie  use  of  the  centrifugal 
pump,  and  it  does  not  appear  that  with  the  average  condition  of  the 
water  which  would  be  used  for  irrigation  it  would  l)e  at  all  prac- 
ticable in  considering  any  large  irrigation  project  in  which  pumping 
was  the  main  feature  to  use  anything  but  a  centrifugal  pump.  The 
maintenance  account  on  plunger  pumps,  cylinders,  valves,  etc.,  where 
water  carried  mud  and  silt,  would  be  so  great  as  to  make  operating 
costs  excessive,  and,  where  motors  are  to  be  used,  gears  and  the  wear 
and  annoyance,  as  well  as  the  extra  care  for  the  Avhole  device,  would 
largely  operate  to  make  their  serious  consideration  a  matter  of  doubt. 

The  efficiency  of  the  centrifugal  pump  has  l>een  increased  to  such  an 
extent  in  the  last  few  years  tliat  st»rious  consideration  of  the  plunger 
type  of  pump  is  unnecessary. 

On  the  California  system  discussed,  besides  the  style  of  pumps  men- 
tioned above,  there  are  deep  wells  of  the  plunger  type,  systems  of 
pumping  from  a  large  number  of  wells  by  means  of  compressed  air, 
low-lift  centrifugals  operating  out  of  streams  or  canals,  and  almost 
every  other  conceivable  device  for  lifting  water  to  which  electric 
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motors  could  be  attaehec).     But  the  methods  first  inferred  to  seem  U 
be  the  most  praetical. 

HEIGHT   OF    LIFTS. 


tedWi 


Ovt?r  a  groat  s^tion  of  this  coimtry  the  water  is  being  lift 
height  of  nearly  10t>  feet,  and  in  sinne  phices  more  llian  that,  but  lh( 
large  iuimbt*r  of  phints  lift  the  water  to  such  a  height  as  would  C4»mt 
within  tiie  limit  of  a  single  centrifugal  pump.  Since  the  bc*ginninj| 
of  the  const  ruction  of  this  system  great  advance  has  been  made  in  tb 
(construction  uf  the  impulse  water  wheel,  and  it  is  the  belief  of  th* 
writer  that  theiv  will  t>e  seen  here  water  wheeb  of  the  highest  effi- 
ciency operated  anywhere  in  the  world,  and  not  far  from  them 
wheels  of  E  type  which  have  now  become  obsolete  and  are  being 
chan^*d  to  the  new  types.  All  of  the  wheels  are  of  the  impulse  type, 
as  the  lowest  head  of  any  of  the  plants  is  4B0  feeL 
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In  the  recent  development  which  lias  occurred  along  the  line 
power  generated  by  steanu  the  steam  turbiiu^  has  demon Bt rated  its 
reliability,  and  its  rapid  introduction  has  coiivince<l  Iwth  investor  and 
engineer  of  its  practical  adaptability  to  the  piol>lenis  of  gi^nerating 
electric  power.  xVlung  with  the  development  of  the  steam  turbine  has 
come  the  development  of  the  superheater  in  connection  with  boiler 
practice,  and  as  the  steam  turbine  reach (?s  its  highest  economicAJ 
workinpr  conditions  with  the  nsc  of  sNf>erheated  steam,  the  successful 
development  of  the  superheater  is  a  most  fortunate  circumstance. 

Steam  turbines  operating  under  a  vacuum  of  28  inches  and  super- 
heated steam,  as  al)ove  mentioned,  have  shown  an  economy  equal  to 
that  obtainable  by  the  best  triple-expansion  condensing  engines;  while 
in  the  matter  of  continuous  operation  through  long  periods  without 
shut  downs  they  are  eminently  suited  to  the  work  of  generation  of 
power  for  directly  driving  pumps  for  irrigation  work. 

In  this  connection  the  centrifugal  type  of  pump  in  its  recent  devel- 
opments and  improvements  has  kept  pace  with  the  demands  foi 
improved  machinery  for  purposes  described  in  this  paper,  and  the 
turbine  type,  with  its  more  flexible  properties  in  cxmnection  with  spe- 
cial designs,  both  as  to  high  head  and  speed  of  rotation,  is  available 
for  use  at  an  opportune  time. 

There  has  recently  been  under  serious  consideration  a  plant  where 
it  is  intended  to  use  tlie  turbine  pump  directly  connected  to  steam 
turbines  in  units  which  will  be  the  largest  pumping  units  in  the 
world,  considering  the  lift,  the  capacity  being  80,000,000  gallons  in 
twenty-four  hours  in  a  single  unit,  the  lifts  approximating  100  feet 
while  the  economy  expected  is  very  close  to  that  of  the  most  econom- 
ical waterworks  pumping  engines  of  which  any  authentic  tests  have 
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been  made.  Thus  fields  may  be  opened  up,  in  some  localities  where 
fuel  is  sufficiently  cheap,  for  handling  water  from  rivers  where  the 
water  may  not  be  perfectly  clean,  and  hence  entirely  debarred  from 
being  handled  by  any  form  of  plimger  pump. 

PUMPS   IN   DRIVEN    WELLS. 

Another  irrigation  development  consists  in  sinking  wells  in  many 
localities  where  the  gravel  strata  contain  no  large  bowlders  by  driving 
well  casings,  20  inches  or  more  in  diameter,  and  lowering  into  them 
high-lift  centrifugal  pumps  and  bearings  for  the  vertical  shaft. 
There  are  many  places  which  have  come  to  the  writer's  knowledge 
where  this  method  appears  to  be  practicable,  and  if  a  demand  for  this 
style  of  construction  were  once  created,  no  doubt  methods  for  driving 
well  casings  of  such  large  diameters  would  be  developed,  and  would 
be  the  means  in  many  localities  of  obtaining  water  from  underground 
sources  at  moderate  expense. 

GAS  ENGINES. 

There  are  many  localities  where  gas  engines  of  various  types,  in 
sizes  from  5  to  30  horsepower,  form  one  of  the  readiest  means  of  ob- 
taining power  for  small  irrigation  plants.  But  the  great  difficulty 
wMch  the  average  man  not  skilled  in  mechanics  has  in  handling  the 
gas  engine  is  liable  to  produce  dissatisfaction  with  it  as  a  reliable 
machine  and  to  create  a  general  impresi^ion  of  its  lack  of  economy, 
although  in  the  hands  of  those  who  are  thoroughly  familiar  with  these 
small  units  it  is  very  efficient  for  the  purpose  desired. 

Large  engines,  developing  thousands  of  horsepower,  have  been  emi- 
nently successful  on  the  European  Continent,  especially  where  they 
could  use  the  waste  gases  from  blast  furnaces.  In  this  country  thej' 
have  not  been  generally  used  in  the  past,  but  at  the  present  time 
greatly  increased  interest  is  l^eing  displayed  in  their  use,  recent  con- 
tracts calling  for  units  as  high  as  5,000  horseiK)wer.  In  one  case,  with 
units  of  this  size,  it  is  necessary  to  manufacture  the  gases  purposely 
for  the  engine. 

Close  observation  of  the  success  of  these  plants  may  warrant  the 
adoption  of  such  large  units  for  large  irrigation  works,  where  fuel 
cheap  in  price  and  high  in  gas-making  qualities  can  l)e  obtained. 

The  gas  engine  is  necessarily  an  expensive  unit  to  install,  and  the 
greatest  advantage  that  can  be  claimed  for  it  is  its  fuel  economy,  but 
it  yet  remains  to  be  thoroughly  demonstrated  that  in  all-around  ecion- 
omy  of  investment,  fuel  consumption,  etc.,  it  will  obtain  a  higher  net 
economy  than  other  forms  of  heat  engines  already  perfected  and  dem- 
onstrated.   In  the  case  of  all  these  new  developments  there  are  special 
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lucalitieH  for  which  they  an^  esipecially  fitted  and  where  ih^y  eCKild 
iiseil  tod©cidt*d  ndvniitagt'. 


WATRR   K>\VER. 
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III  many  pla*M*R  tlirinj|>hfmi  \]iv  \\'t*si  tlie  rivers  carrjing'  larg 
*|  1  til  111  i  tics  t)f  wat<*r  Inivv  rapids  ur  falls  \vhii*li  ciia  Iw  iitiliziHl  fo 
power  [mrpuM*:s,  Ijoth  4*lerfH<'riny  at  id  by  dirot't  nieunsi.  Some  pre 
limitary  \Atms  have  \M>eti  made  for  phiiits  of  this  kind  where  thi*  tnuik 
of  tin*  ri\er  nuii  Ou*  lands  nd j]ir*'iit  lheri*tt»  atT  Uh\  high  for  water  ti 
l*e  taken  to  theiu  by  gravity,  Init  where  there  is  plenty  of  power.  J 
hi|^hdift  (X^iitriftjpd  pniitj*  tiiuy  W  nioiniled  directly  on  the  j^haft  o 
H  vertJtuil  (nrl)iiie  water  wlieel,  both  the  wlieel  mid  the  pump  r<*ivivin| 
their  water  from  the  same  source,  the  water  flowing  d4»wii  thruiigt 
the  titrhine  wlmd  and  iit*  into  (he  imsc  of  the  pump,  there  lM?inji£  m 
exti^rnal  shafts  or  stuffing  Ijoxes,  Witli  ti  water -balanced  step  Ijenr 
ing  and  suitable  t^-nn^ns  provided*  I  his  device  will  work  [jracticallj 
eotitiniiously,  with  very  little  altetitioti  and  at  small  exj>ense  for  weaJ 
and  tear. 


SfllMMAHY, 
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With  t)je  rapid  demand  for  meiins  of  obtaining  water  ni>on  hinds 
onl  of  reach  fd  gi-avily  systiMas,  the  devettjfjtneiils  sui*h  as  ha%'e  \w^ 
treated  in  this  sluai  article  \\-ill  undoubtedly  contiiine,  and  improvt*- 
tnentii  iKith  as  to  cost  and  eeonomiciil  operation  will  advance  with  tb 
th*Jtuiiid  )uid  with  (he  tlcnii>tistnjtiiiti  of  tlu^  feasibiliiy  of  bringinjE 
under  cultivation  lands  now  utterly  usidess.  It  is  the  belief  of  th< 
writer  that  the  future  holds  the  most  encouraging  prospects  for  sud 
development,  and  that  thost^  interested  in  irrigation  have  only  t( 
create  the  demand  and  it  will  be  supplied  in  such  measure  as  wil 
bring  about  a  satisfactory  income  from  the  development  of  our  greai 
West. 

K8TIMATK8    OX    TITXXKLIXO    IN    IRRIGATION    PROJECTS 

By  A.  1j.  Fellows. 

INTRODUCTION. 

I  first  became  intimately  concerned  with  tunnel  construction  about 
eighteen  years  ago  in  connection  with  an  irrigation  project  in  south 
western  Colorado.  In  this  project  the  lands  to  be  reclaimed  wen 
separated  from  the  river  which  was  expected  to  furnish  water* foi 
their  irrigation  by  a  divide  several  hundred  feet  high.  The  tiiiine 
forming  a  part  of  the  irrigation  system  as  constructed  was  5,400  fee 
in  length,  with  a  cross  section  of  7  by  9  feet.     My  connection  with  thi; 
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project  was  that  of  assistant  engineer,  and  there  I  learned  principally 
what  not  to  do. 

As  is  conunon  with  corporate  enterprises,  the  amount  of  money 
available  was  very  limited,  and  it  was  generally  considered  that  money 
that  could  be  saved  in  surveying  was  economy  for  the  project.  As  a 
matter  of  fact,  in  this  particular  case,  I  have  estimated  that  three- 
fourths  of  the  actual  cost  of  the  project  would  have  been  saved  by 
careful  and  thorough  engineering. 

The  tunnel  as  constructexl  was  of  considerably  greater  length  than 
necessary  and  was  left  unlined,  in  spite  of  my  protest,  on  the  theory 
that  it  was  more  economical  to  give  it  a  heavy,  grade  and  to  leave  the 
tunnel  unprotected  than  to  construct  lining  that  might  serve  as 
protection. 

This  tunnel  may  to-day  serve  as  a  typical  horrible  example.  The 
roof  has  caved  in  until  there  are  in  places  rooms  of  from  16  to  80  feet 
in  height.  The  finer  material  has  l>een  washed  out  to  some  extent, 
hut  the  bulk  of  the  material  broken  down  from  the  roof  is  left  as  a 
menace  to  the  maintenance  of  the  tunnel  and-  an  impe<liment  to  the 
flow  of  the  water.  It  would  cost  more  to-day  to  put  this  tunnel  in 
good  repair  than  to  construct  a  new  one.  I  cite  these  conditions  sim- 
ply as  instances  of  things  to  be  avoided  in  tunneling,  or,  in  fact,  any 
other  kind  of  engineering  work.  • 

My  attention  was  first  drawn  to  the  Uncompahgre  Valley  project, 
of  which  the  Gunnison  tunnel  is  an  integral  part,  by  its  similarity  to 
the  project  which  I  have  just  instanced,  and  in  the  surveys  every 
effort  was  made  to  avoid  the  mistakes  that  had  been  made  in  the  first 
project. 

PRELIMINARY    WORK. 

The  importance  of  thorough  surveying,  with  reference  to  any  class 
of  engineering,  can  not  1k»  overostiinated,  and  this  importance  is  par- 
ticularly well  illustrated  in  the  survey  of  the  (runnison  tunnel  project, 
which  I  am  now  discussing.  As  a  matter  of  fact,  mistakes  did  creep 
into  the  early  part  of  the  work,  and  had  the  project  l)een  constructed 
as  at  first  contemplated,  and  as  the  earlier  surveys  seemed  to  indicate 
was  the  proper  method,  it  would  have  l)een  done  at  an  increased  cost 
of  several  hundred  thousand  doHars.  In  my  opinion  it  is  safe  to  say 
that  surveys  amounting,  at  the  outside,  to  not  over  $8,000  in  cost 
effected  a  saving  of  not  less  than  $-200,000  in  construction.  This 
refers  to  the  construction  of  the  tunnel  alone  and  not  in  any  way  to 
the  increased  efficiency  of  the  project  as  a  whole,  with  reference  to 
which  it  is  estimated  that  the  cost  has  also  l)een  lessened  by  at  least 
another  $100,000,  and  i)erhaps  by  twice  that  sum,  through  the  change. 

Location. — The  best  location  for  a  tunnel  having  been  decided  upon 
in  a  general  way,  the  details  must  be  worked  out  with  the  greatest  of 
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mm.  The  b mount  of  water  to  lie  eamed,  the  aaioimt  of  fail  iivail 
able,  the  b^t  ftligt!nit*!it  for  thi*  tuiniel  fruiu  l>t>th  topographic  am 

g*M>logir  standpoints,  the  eroHK  section,  roefiknentH  of  friction  ani 
veh»cil  V  iif  flow,  nrxMill  to  1«*  dot crn lined  ws  rxaetly  4is  possible. 

The  alijrrnnient  may  depend  upon  a  variety  of  both  ti^pographi^ 
and  gi%>\og\v  condilifin^p  The  sIi<jHo"^t  I  in*:  tnHV  Ik:  the  l*eKt*  but  i 
may  alw*>  In*  utreeted  by  the  eliaratter  of  tin*  formation  to  such  ai 
extent  that  a  longer  line  throui^^i  l»t*tier  formation  may  be?  pr^^f arable 
It  is  true  tliat  one  can  not  tell  wljat  (-niiditions  lie  may  nu^*!  with  in  i 
long  tnnntO,  but  with  a  fair  a  mom  it  of  care  the  prohabilities  may  U 
aseeilained  and  many  nncertainticH  done  away  with^  al  least  witliii 
rea.sonablt*  liniil^Sp 

At  first  thought  it  woultl  i*<*m  that  tJie  natnral  loeatjon  for  a  tuii' 
nuil  was  always  wher^  the  line  is  the  s^hortest,  but  the  very  cause 
which  have  made  such  a  location  the  shortest  line  may  also  be  of  siici 
ti  character  as  in  prevent  easy  construction,  and  possil>ly  provide  eoa- 
tingencies  which  will  very  materially  iuci^ease  the  cost  of  cons^tniC' 
tion*  A  saddle  l.>etween  hills  often  owes  its  existencie  to  the  fact  that 
the  err^sion  which  has  taken  place  has  U*en  causLnl  l\v  the  s^iftne^ss  oi 
the  rocks  at  that  particular  point*  or  possibly  to  the  fact  tjiat  there  is 
a  fissure  lit  this  IfM-ation  which  has  rendered  erosion  ea^,  but  tunnel- 
ing diflictilt.  • 

Grad^, — The  gi*ade  to  be  give^n  the  tunnel,  as  is  the  cAse  in  the 
gnidiug  of  rami  Is*  siphons,  etc.,  will  dejwnd  upon  the  conditionii. 
If  there  is  sufficient  fitjw  available  llie  tunnel  slioiih!  N^  *rivcn  enouirb 
grade  to  carry  the  amount  of  water  desired  at  the  maximum  velocity 
that  will  not  erode  the  tunnel  lining,  this  being,  of  course,  for  the  pur- 
pose of  decreasing  the  cross  section  to  as  great  an  extent  as  possible. 

The  coefficients  of  friction  depend  upon  tlie  surface  of  the  tunnel 
and  will  range  from  0.010  to  0.012  for  smooth  concrete  up  to  0.03C 
to  0.035  for  the  ordinary  rough-rock  walls  in  machine-bored  tunnels 

The  velocity  is  dependent  upon  the  grade  which  can  be  given.  Ir 
my  plans  I  have  assumed  that  the  lining  can  withstand  a  velocitj 
of  approximately  V>\  feet  per  second  without  injury.  This  higli 
velocity  would  not  be  possible  if  it  were  expected  that  the  water  ti 
be  conveyed  through  the  tunnel  would  carry  a  great  amount  of  silt 
but  in  the  project  which  I  am  now  considering  the  amount  of  sih 
carried  is  usually  inconsiderable. 

ESTIMATES  OF  COST. 

General  principles, — Assuming  that  the  location  of  the  tunnel  has 
been  made  with  the  necessary  care,  an  estimate  of  the  cost  of  con 
struction  may  be  made.    In  the  course  of  my  investigations  witl 
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regard  to  this  subject  I  have  compiled  considerable  data  concerning 
tlie  cost  of  construction  of  tunnels  in  different  localities,  much  of 
which,  however,  I  regret  to  state  I  am  unable  to  incorporate  in  this 
paper,  as  it  was  given  to  me  confidentially  and  is  therefore  not  to  be 
disclosed.  It  is  sufficient  to  say,  in  this  connection,  that  the  cost  per 
cubic  yard  of  material  to  \ye  removed  may  vary  from  a  very  small 
sum,  amounting  to  perhaps  not  more  than  $2,  up  to  almost  any  fig- 
ure. My  suggestions  wnth  regard  to  estimates  can  be,  thereforei,  only 
general,  the  details  necessarily  being  worked  out  separately  for  «ach 
individual  project. 

The  kind  of  estimate  to  be  made  will  depend  very  largely  upon  the 
stage  of  investigations.  For  example,  in  the  earlier  stages  when 
general  knowledge  only  as  to  cost  of  construction  is  desired,  it  is 
quite  common  to  accept  figures  concerning  cost  shown  by  actual 
construction  under  as  nearly  similar  conditions  as  j>ossible  in  the 
region  in  which  the  project  is  located.  This  estimate  may  be  based 
either  upon  the  cubic  yard  or  linear  foot.  I  have  found  no  very 
clearly  defined  idea  as  to  the  proper  cost  per  cubic  yard  in  making 
estimates.  Some  authorities  state  that  $5  per  cubic  yard  in  long 
tunnels  is  the  time-honored  basis  for  estimate;  others  state  that  $6 
is  more  nearly  correct,  and  still  other  figures  are  given  by  other 
authorities. 

Probably  the  more  usual  practice  is  to  determine  as  nearly  as  pos- 
sible the  cost  of  similar  structures  in  the  vicinity;  for  example,  in 
the  preliminary  investigation  with  reference  to  the  Gunnison  tunnel, 
I  found  that  tunnels  of  about  the  same  size  and  in  conditions  appar- 
ently more  unfavorable  than  those  surrounding  the  construction  of  the 
Gunnison  tunnel  had  cost,  for  excavation  alone,  from  $:20  to  $30  per 
linear  foot.  In  the  two  tunnels  most  nearly  like  the  proposed  Gun- 
nison tunnel  of  which  1  have  knowledge  the  proprietors,  w^ho  had 
done  the  construction  work  themselves  without  the  intervention  of 
contractors,  informed  nie  that  while  the  excavation  had  cost  them 
somewhat  more  than  $'J()  per  linear  foot,  thev  were  certain  that  under 
as  favorable  conditions  as  they  knew  to  exist  with  reference  to  the 
proposed  Gunnison  tunnel  $*20  j)er  linear  foot  would  be  ample.  Later 
investigations  have  deinonstrattM]  to  my  satisfaction  that  these  esti- 
mates w^ere  not  too  high,  hut,  in  general,  those  made  in  this  way  can 
l>e  considered  as  aj)j)roxiniate  only. 

As  investigations  j)i()cee(l  more  nearly  to  completion  and  final 
estimates,  l>efore  letting  contracts,  are  ih^sired,  it  l)ecomes  necessary 
to  consider  the  probable  cost  nuich  more  in  detail,  and  then  the  only 
proper  way  of  making  an  estimate,  in  my  opinion,  is  on  the  basis 
of  a  contractor's  bid.  Plans  nuist  l)e  drawn  showing  the  different 
varieties  of  cross  section  to  be  used,  and  the  amount  of  lining  neces- 
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Mirv  for  (liffi^reTit  ili^^n.*<*s  of  hsinhioss  of  ilio  grnjlofiJc  forttiiitii 
nwd  tlu*  ]»n»f»!il)ilint*^  with  rrfen^iuv  to  {]n?  tiiiding  of  water  in  gn 
or  snuitl  MJiionnts  inusl  Ih'  di'h:nuiiU'il.  In  tlio  s[K'('ilic-iitiuii^  ftir  I 
GiHiniwni  timni»l  an  olfi>rt  wan  made  to  do  away  with  all  uiu'ertdi 
tieH,  s€i  far  as  Uie  wator  lu  Ik'  oiioouiitcnHl  was  nair«»riu»il,  by  iiK?i 
ptiratinfj  propt>sals  wifli  ri*fi*n*iu'<^  \u  tin*  amount  of  water  to 
[junijM'i),  tlms  putting  the  lairdtni  dinH*tiy  upon  tlii^  (ioveriimpiit,  ai 
not  upon  tin*  i*ontnH;t<*r"  tunl  tliinun*  iniHtTrtly  la  tlu*  Ci(»vi*riiimMi 

Poti-vf\—Thi^  iii^^t  dHails  to  Ih'  wr>rkfHl  out  with  care  are  t 
ndat in^  to  th**  furni^^liin^  of  pfnvi'r  for  ftujsf ru<'Ht»n.  A  water  powi 
if  aviiilahlv,  may  *»ftrii  iw  ]jn*forr(^d  to  p*nv(*r  ilerivt^l  fixnii  the  ti 
of  roal  or  oil  nidess  tlu^n*  an*  c^xirotncly  low  in  cost.  This  siibju 
Ims  hiM*n  rntrst  ahly  tn*flh*d  by  Mr.  JL  A.  «*^torr?4  in  hw  vaJnai)lt'  pajw 
ami  need  not  he  i^one  into  at  this  time.  I  desirt*  to  say*  howevt 
thitt  in  general  T  >im  sntv  tluil  tlie  (lOVernuK'tit  WTndd  savr  nnm^ 
by  ^Dn^^^ni1ing  tilt*  (anvin*  plant  itself  instead  of  leaving  this  for  tl 
contractor  lo  do.  It  wtadd  lns4*  nt>thing  thenrhy,  as  the  e<»s1  of  tn4al 
lishing  n  power  plant  is  widl  known  among  ec>ntractot%  and  thi 
\V(ml<l  ahuust  invariably  alhiw  for  tlie  rosl  of  sudi  ii  plant,  wii 
pHjiaddy  Ntnn*^  additioi;al  Bllowaia-e,  if  tht*y  were  s*itisfied  tlii 
MifKciefit  power  would  Iw  fnrnisheiK 

In  t[»e  nuMh^r  of  tlic  estaf^ltshment  4»f  a  vMHer*[>Dwer  plant,  a  uni\ 
Ih^r  of  instaiH-*>s  M'liieh  have  eome  imder  my  observation  have  led  ii 
to  believe  that  the  saving  to  the  (;ontra<*(irig  ]mrty  may  l>e  M*ver 
limes  tlu'  cfist  of  llje  [lower  |)l:n!t  :  in  other  words,  the  eontraetii 
party  is  practieally  losing  nothing  and  may  have  considerable  to  ga 
by  it^self  establishing  the  power  plant.  In  making  the  estimate  tl 
cost  of  depreciation  upon  the  ])lant  nnist,  as  has  l)een  shown  by  M 
Storrs,  depend  upon  whether  the  j)lant  will  he  entirely  used  in  tl 
construction  of  this  individual  project  or  whether  there  Avill  be  co; 
siderable  salvage.  In  most  cases  there  should  be  a  salvage  of  fro 
one-half  to  one-third  of  the  original  cost  of  a  new  plant.  This  hi 
an  important  l)earing  upon  the  estimates,  as  the  cost  of  the  plant 
a  very  considerable  ])r()i)ortion  of  the  entire  cost  of  construction.  Est 
nuites  with  refereiue  to  the  cost  of  a  ])()wer  j^lant  may  generally  1 
determined  with  reasonable  accuracy  through  the  aid  of  the  eng 
neering  su])i)ly  com]>anies,  whicli  are  always  glad  to  furnish  pr 
Ii  mi  nary  estimates. 

Laho)\ — The  next  item  to  be  considered  in  detail  is  that  of  lalx 
and  here,  too,  conditions  will  vary  widely  in  different  localitie.s. 
is  usual  for  contractors,  in  nuiking  their  estimates,  to  determine  tl 
cost  of  operation  per  day  as  the  first  ste]),  the  amounts  paid  for  lab 
being  different  in  different  localities.     In  estinuites  for  a  12  by 
tunnel  which  I  have  in  my  possession  I  find  the  following  items 


NBWBLL.] 


TUNNEUNO  IN   IBBIGATION  FB0JECT8. 


47 


computing  the  cost  of  excavations  at  one  heading  for  one  day,  the 
number  of  employees  varying  with  the  number  of  shifts: 

Number  of  employees  required  in  tunnel  work. 


Bating. 


Compressor  engineers 
Compressor  firemen . . 

G^eneral  foreman 

Shift  foremen 

Timekeepers 

Machinists 

Blacksmiths 

Drillers 

Helpers 

Mnckers 


Number 
emptoyed. 


3to3 

2to3 

1 

2to8 

lor  2 

lor  2 

2to8 

8  to  12 

8  to  12 

14  to  21 


Bating. 


Trackmen 

Dnmp  men 

Light  men 

Nippers 

Stable  men 

Pnmp  men 

4-horse  team  . 

2-hor8e  team 

Locomotive  engineers 
Brakemen 


Number 
employed. 


2to8 
2to8 
2to8 
2  to  8 
2to8 
2to8 
lor2 
lor2 
4to6 
4to6 


To  these  are  to  be  added  the  cost,  varying  in  the  different  localities, 
as  before  stated,  for  fuel,  water,  powder,  oil,  repairs,  carbons,  depre- 
ciation of  plant,  insurance  on  men,  pumping  water,  bond,  and  inci- 
dentals not  otherwise  accounted  for,  the  last  item  amounting  usually 
to  about  10  per  cent  of  the  total  cost. 

The  estimates  made  by  the  contractors  will  probably  not  vary 
widely,  generally,  as  to  cost  per  day.  The  crucial  question  is  as  to 
the  amount  of  work  that  can  be  done  in  one  day.  For  example,  in 
two  bids  in  my  possession,  the  contractor  who  made  the  higher  esti- 
mate of  cost  per  day  has  assumed  that  he  could  do  not  to  exceed  12 
feet  of  work  at  each  heading  per  day,  while  the  other  makes  his  esti- 
mate on  the  assumption  that  he  can  complete,  on  an  average,  18  feet 
per  day  in  each  heading,  this  decreasing  the  cost  j^er  linear  foot  in 
the  second  case  very  (ronsiderably. 

Lining, — The  lining  will  naturally  dejx^nd  upon  many  different 
conditions.  In  some  localities,  whore  material  for  making  brick  is  at 
hand,  it  may  be  thought  l)cst  to  line  the  funnel  with  brick.  In  others, 
where  construction  is  intended  to  l)e  temporary  only,  the  lining  may 
1)0  of  timber,  with  a  lK)ard  surface  to  facilitate  the  flow  of  the  water. 
In  the  project  under  consideration  it  was  decided  that  concrete  should 
l)e  used,  and  in  making  the  estimates  with  this  end  in  view  the  fol- 
lowing items  were  taken  into  account,  the  cost  of  a  cubic  yard  of 
material  in  place  being  computed:  Labor,  crushing  stone  or  trans- 
portation of  gravel,  or  both,  as  the  case  may  be,  sand,  forms,  placing 
forms,  cleaning  bottom  of  tunnel,  drayage,  cement  sheds,  and  depre- 
ciation on  equipment.    To  the  sum  of  these  items  should  be  added 
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iilsi^  tlu^  rost  of  (vinont*  Hllbough  when*,  tis  in  this  case^,  the  oen 
is!  furnished  bv  the  United  Statt^K  Govemmetit,  it.s  w)st  will  noi 
included  in  tht^  runtrat(or's  estimate. 

Timber. — Tlie  ununint  uf  hindn^r  us4*d  j»pr  linear  f<H>t  may  l>e  ea 
eomputed  and  is  to  he  added  where  tini luring  h  necjessary, 


«irMMARV. 
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The  summing  up  of  the  various  itemn  enumerated  abtjve,  redti 
ae<^>nling  to  the  Ijest  judffruent  of  the  engineer,  into  cost  per  Us 
f(«it  for  tlitfenmt  elaRH**H  i>f  work,  will  give  his  estimate  of  the  ad 
coKt  of  eoUMtnirlion.  When*  it  is  iwprrU-d  Unit  bids  will  Ih>  nuA 
liowever,  a  ju'ofit  to  the  eontraitor  nui^t  Im»  atUled,  Few  coiitrHct 
will  estimate  tm  less  than  iH»  ^wr  rent  profit,  ant!  ordinarily  2^ 
rent  will  Iw*  at^repletl  as  a  rertsc^riublt*  Imsis,  1 

It  is  not  expetited  that  in  a  genera!  diseuswion  upon  mieh  a  sub; 
lis  this  it  would  Im*  possil^le  to  rovrr  all  coiuiitions  that  may  ar 
t)nly  gi^neral  rules  can  U^  hiid  down  and  all  details  nuist  Im?  wori 
out  vseparately  fur  eneh  imlividiail  [u*ojee1.  Wlierts  the  plan  outlii 
fllKn<'  is  followed,  h{»vvc*v«*n  it  will  in  ijiMieral  t^ivc  a  clo^  apprc 
mate  idea  of  what  slmuhl  rewsojiahly  ht*  expected  as  bids  by  c 
tractors.  The  engineer  umst  use  his  bi^st  judgment  in  making  th 
estimates  and  endt^ivoi-  to  ec^vei*  all  details.  Difficulties  of  an  a< 
dental  nature  that  may  arin*  should  not  Im^  included, exceptiii|^  in 
insurance  and  eontingeneie^  as  alxive  provided  for.  The  eontrac 
may  iK'rha[js  make  an  additional  allowan<*e  for  unf(H'eseen  einerg 
eies,  but  the  fact  is  ge rubral ly  rec* agnized  tliat  although  a  eontrac 
may  possibly  make  his  estimates  on  the  worst  possible  conditions, 
c^uitracting  party  may  df»  the  work  himself  and  thus  avoid  the  extn 
t^onditittns  on  which  the  eonti'actnr's  basis  is  estimated* 

In  conclusion  I  desire  to  deprecate  a  too  conunon  tendency  to  oi 
estimate.  It  appears  to  me  to  he  as  much  of  an  eri-or  to  overestim 
as  it  is  to  underestinuite  cost,  and  while  reasonable  allowam^e  for  c 
tingeneie^  should  lie  made,  it  is  not,  in  my  oi)inion,  good  engineer 
to  make  an  atlflitional  alh>wance  after  the  allowance  for  conl 
gencics  has  once  Inn^n  made,  I  have  known  of  instances  where  e 
mates  had  to  pass  through  several  ditFerent  hands  and  each  individ 
felt  it  incumlwnt  upon  him,  even  after  expressing  himself  as  sa 
tied  with  the  details,  to  add  some  lump  snin  fra*  unexi>ected  en 
gencies  *'  so  as  to  l>e  on  the  siife  side."  1  appreciate  the  fact  t 
euginc^^rs  arc  often  criticised  for  underestinuding,  and  I  deprec 
this  fault  as  fully  as  anyone  can,  but  the  point  wiiich  I  desire  to  m 
is  that  after  the  engineer  has  stated  what,  in  his  opinion,  is  the  pro 
estimate,  I  hat  amount  should  lie  adhered  to  aiul  neither  added  to 
subtracted  from,  unless  some  good  reason  for  the  change  is  ^owi 
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REPORTS  AND  ACCOUNTS. 

By  A.  L.  FEI.LOWS. 

INTRODUCTION. 

Of  the  many  difficulties  confronting  the  engineer  in  the  Bedama- 
tion  Service,  none  causes  more  annoyance,  probably,  than  the  neces- 
sity for  frequent  reports  to  his  superior  officers  and  for  keeping  the 
necessary  accounts  connected  with  his  workr  This  condition  applies 
to  everyone  connected  with  the  Service,  from  the  field  assistant  of 
the  lowest  grade  to  the  chief  engineer  and  the  Secretary  of  the 
Interior. 

It  is  not  my  purpose,  in  this  short  paper,  to  go  extensively  into 
details,  but  I  desire  to  submit  for  consideration  a  few  suggestions 
along  broad  lines. 

That  reports  are  absolutely  necessary  evils  no  one  will  deny;  but 
to  those  who,  like  many  of  us  now  in  the  Reclamation  Service,  have 
been  engaged  for  any  length  of  time  in  private  practice,  where  they 
were  responsible  only  to  themselves  and  to  the  individuals  or  firms 
employing  them,  the  necessity  for  reports  concerning  all  kinds  of 
details  is  particularly  trying.  Nevertheless,  the  ever  possible  investi- 
gation, when  every  item  is  to  be  sifted  out  of  the  sum  total  of  expendi- 
tures and  when  every  act  is  to  be  scanned,  must  be  always  present 
before  us. 

But,  more  than  this,  every  engineer  must  wish  to  have  his  records 
and  accounts  in  such  shape  that  he  can,  for  his  own  satisfaction,  la}' 
his  hands  immediately  upon  any  data  or  transaction  in  which  he  is 
interested;  and,  in  order  to  do  this,  his  records  must  be  arranged 
systematically  and  be  kept  strictly  up  to  date. 

CHARACTER   OF   REPORTS. 

It  is  clear,  first  of  all,  that  there  must  be  a  definite  system  to  be 
followed,  and  that  this  system  must  be  so  simple  as  to  be  readily 
understood,  not  only  by  the  engineer  himself,  but  by  any  other  engi- 
neer who  may  be  obliged  to  follow  him  and  to  carry  on  his  work. 
While  it  must  be  thorough,  so  as  to  cover  all  essential  details,  it 
should  not  be  involved  nor  should  it  permit  of  reduplication.  It 
must  not  be  encumbered  with  dead  branches,  making  it  so  over- 
loaded that  it  may  fall  of  its  own  weight,  but  it  must,  on  the  other 
hand,  be  based  upon  records  showing  what  the  details  of  cost  and 
methods  employed  in  operation  have  been,  and  be  sufficiently  com- 
prehensive to  give  a  clear  conception  of  the  facts. 
OB  146—05  M 4 
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This  system,  while  it  must  be  c^omplete  enough  to  satisfy  the 
cl  it  ions  for  which  it  is  evoUed,  must  yet  not  take  the*  time  of  1 
f*n^inoers  uniiecej^sHrily,  hut   must   pref^nt  in  concise  form,  for  t 
consideration  of  the  higlier  authority,  those  facts  whicli  ure  ess^^iiti 

leaving  out  nonesM^iiliiils. 

The  Secretary  of  the  Interior  wishes  to  hftve  before  him  re 
from  the  DiiTctor,  iind  reports  from  the  chief  enginet^r,  showij 
l>riefly  and  concisely,  work  itcconipHshed  and  progress  made  ii]J 
of  the  different  projects  nnd  classes  of  work  contemplated  tind  o 
ried  on  by  the  Reclamation  Service.  He  desires  to  have  the.st*  rt^jXIi 
made  in  as  few  words  as  ptK^sihle  consistent  with  giring  a  clear  id< 
HI  the  broadest  po^^sible  way*  rif  the  situation. 

The  chief  engineer  n*f]uires  from  his  subordinates  reports  suniewh 
more  fi'equent  arid  moi-c  detailed  in  cliaracter.  He  wishes  to  knt 
at  stated  intervals  the  progi*es«  made  along  all  lines  of  work  carri 
on  under  his  jurisdidion.  At  the  same  time,  he  desires  that  th< 
i*e ports  sliouUI  Ix-  fri*e  from  nnnecessary  details,  such  as  the  cost 
individual  items,  and  such  events  as  moving  camp  and  similar  triftii 
matters:  l)ut  it  is  highly  essential  that  he  have  a  clear  idea  of  t 
situation  at  all  times,  so  that  he  may  talk  intelligently  concemii 
projects  mider  his  general  direction  with  tliost>  who  may  Ix^  interestf 

The  fact  must  \yv  remcml)ei^d  that  the  chief  engineer  is  to  a  ve 
great  extent  the  one  who  stands  between  the  public  and  those  who  a 
doing  the  field  and  office  work.  He  is^  in  fact,  almost  tlie  court 
last  resort  in  important  matters  and  sometimes  with  regard  to  matte 
that  are  relatively  unimportant.  He,  moreover,  must  take  upon  hii 
self  the  sins  of  omission  and  commission  of  his  subordinate's  w^h 
discussing  matters  pertaining  to  the  Reclamation  Service  with  mei 
bers  of  Congress  and  public  men  generally,  as  w^ell  as  with  priva 
individuals  who  may  be  concerncfL  He  nmst,  therefore,  be  ke 
whVII  informed  not  only  by  means  of  immtbly  reports,  but  by  person 
letters  relating  to  important  matters  whenever  conditions  reqnirii 
them  arise.  At  the  same  time,  the  tende!u\v  to  annoy  him  wi 
desi^riptions  of  petty  details  can  but  brand  the  correspondent 
incompetent  to  satisfactorily  fill  his  oftice. 

The  assistant  chief  engineer  and  supervising  engineers,  w^ho  are 
render  decisions  in  regard  to  the  less  important  matters  not  relatii 
to  public  policy  and  administration,  should  be  kept  informed  in  mui 
the  same  %vay  as  the  chief  engineer  concerning  w^ork  being  carried  « 
under  their  supervision. 

The  consulting  engineers  should  similarly  be  kept  informed  co 
cerning  those  matters  over  wliich  they  luive  jurisdiction. 

The  district  engineers  in  i>rder  to  make  the  necessary  reports 
their  superior  officers  must  be  kept  informed  concerning  the  work 
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each  party  within  their  respective  territories,  and  must  have  within 
their  grasp  details  of  work  done  and  cost  of  same,  with  reasons  for 
the  prosecution  of  such  work  if  called  upon  to  give  them.  The  dis- 
trict engineer  is  concerned  both  in  the  results  and  in  the  methods 
adopted  to  secure  them.     He  must  be  both  initiative  and  referendum. 

The  project  engineer,  in  turn,  must  have  all  details  within  reach, 
including  costs,  methods  adopted,  and,  in  general,  everything  needed 
in  case  of  detailed  investigations.  His  office  is  the  depository,  tem- 
I)orarily,  of  accounts  which  will  be  Itniked  into,  notebooks  used  upon 
the  project,  detailed  reports  of  assistants,  plans  and  estimates  con- 
nected with  his  project,  whether  the  same  originated  in  his  own 
office  or  in  other  offices.  He  must  receive  reports  from  his  chiefs 
of  parties  as  often  as  he  may  need  them,  to  keep  him  thoroughly 
informed  as  to  operations  in  the  field  and  to  see  that  his  orders  are 
being  carried  out  and  to  plan  for  future  contingencies. 

Finally,  chiefs  of  parties  must  have  reports  from  their  instrument 
men  and  heads  of  subparties,  in  order  that  they  may  be  able  to  com- 
pile intelligible  reports  concerning  all  work,  whether  carried  on  by 
individuals  or  by  heads  of  subparties. 

To  review  the  conditions  from  the  other  side,  the  chiefs  of  parties 
must  be  able  to  report  to  the  project  engineer,  in  such  form  as  he  may 
prescribe,  concerning  the  most  minute  details  of  the  work  carried  on 
under  them.  He,  in  turn,  after  boiling  down  the  details  before  him 
until  he  has  those  most  essential  for  a  clear  comprehension  of  the 
situation,  reports  to  the  district  engineer,  who,  again,  reports  the 
sum  and  substance  of  all  that  has  been  accomplished  within  his  terri- 
tory to  the  consulting,  suj)ervising,  and  chief  engineers,  who  report 
the  broader  facts  for  the  use  of  the  director  and  secretary,  who  may 
make  these  facts  public  through  the  medium  of  liis  report  to  Congress. 

BASIS   OF    KKPOHTS. 

In  devising  any  system  of  rej)()rts,  some  well-(»stablished  principle, 
upon  which  all  can  agree,  must  he  adopted  as  a  starting  point.  There 
is  in  the  Reclamation  Service  one*  definite  and  necessary  foundation 
upon  which  any  system  must  he  based,  namely,  the  vouchei".  This 
is  the  .final  referendum  in  investigation,  and  uj)()n  this  is  based  the 
charge  sheet  which  lias  been  a(lo])te(l  in  tlie  Service  for  conveniences 
in  bookkeeping.  In  order  to  sim])lify  the  processes  of  kee])ing 
accx)unts  and  of  making  rej)orts,  so  far  as  is  j)()ssible,  it  is  clear  that 
the  same  terms  should  l)e  generally  employed  as  tliose  used  in  tlu; 
charge  sheet  and  in  the  accounting  department  of  the  Washington 
office. 

The  various  divisions  made,  if  it  is  desired,  may  be  somewhat  fur- 
ther subdivided  by  the  district  and  project  engineers,  hut  these  sub- 
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tlivlsums  shciitld  rpjulily  gi'oiij*  thtnnst'Ivp*^  umler  the  main  div^kii 
us«>d  on  tlu*  rhargt*  shwt.  It  woulri  In*  rliflinilf ,  and  probahh'  imp 
isibkv  to  fuid  twrM^npnci^rs  who,  ofTliiunl  iunt  witliont  coiKXTt*^!  neti 
would  UH'  tlii^  stiiiK*  h*niih  foi"  fufililnhu^  tlii*ir  li<H»kk<*<*|rui^  arjd 
describing  their  work*  Tht*  char^^  nhwt  haw,  however,  been  sidopl 
IIS  tho  n^srill  of  r;in*fnl  stii<Iy  on  tli<*  \n\vi  of  st*vt*nil  of  tin*  <*n|;fiie< 
who  have  had  tho  most  t*x|>eriem'p  in  the  Servii^\  tmd  will  jirobah 
with  ptJssibU*  1  nod ifinit ions  ns  developuKnit.^  niriy  from  time  to  tu 
i^niiv,  sf^rvo  jHTinaiKTitly  ain  a  basi>4  n|Km  w^hi<'h  atTuunls  hiv  (tj 
kept  and  rendrnnL  Reports  shonhl,  therefons  so  ffir  as  jk»^Uj 
nmke  use  of  the  sanit*  terms  as  those  used  in  the  chsirge  shtTt. 

HYSTKM    or   AftTlUNTS- 

With  refei^nw  to  roiKirls  ir»  \n*  mi  I  >m  itt4.nl  covering  both  details 
work  done  and  ai^-onntH  there  %b  a  wide  diveigi^nie  of  opinit^kii  ainoj 
eri^intvrs.  One  ela-^s  lirlii^vrs  flnil  tlti*  kwping  of  aooounts  and  t 
ViHHhrmg  of  R^jtJrts  ishonld  U*  itliJniMtiled  from  Held  work,  and  th 
tdl  of  this  work  shouhl  1m^  done,  s<i  fnr  as  praetieable,  in  the  offic 
\Uv  oilier  el  ass  iM'lit^ves,  iu  n  frreatei-  en-  less  degree,  varying  with  tl 
indivithnd,  in  making  einjh  engimn^*  diivj-tly  mw|N>nsibh'  for  the  pii 
eliast^s  nmde  under  his  diiiM*tiftn  and  for  Ids  use,  and,  in  order 
bring  tins  as  clostdy  home  to  hJrn  as  possihh%  h(*  t^Kjiiin^s  hi^  assii 
ants  to  make  out  detailed  reports  l>otli  of  the  work  done  and  tl 
expeniUtures  in<*nrrcd. 

The  former  methrH)  will  midonlitedly  residt  in  the  l^eM  sets  i 
accounts,  tK»th  in  a|>j)eiiranet»  jiml  at'i-iu'aey.  They  will  l>e  made  i 
most  nearly  are* »n ling  U*  the  requiivnients  of  the  AVashingtoji  ofti< 
and  will  not,  in  all  prohahilily,  roidatn  the  irregnhirities  that  mi 
Ih*  shown  in  imports  uiade  up  in  the  fieltk  This  method  has  tl 
advantagl^  totu  of  giving  the  held  man  more  time  to  devote  to  tl 
Held  work,  and  ih^es  not  distract  liis  attention  by  the  fi^tty  detai 
eonneeted  with  the  Held  iicconnts.  For  tlu'  reason  iliat  the  work  nn 
Ih>  done  more  expeditiously,  as  well  as  better,  in  the  eentml  offic 
this  method  is  piobalily  c'hea|>ei-,  and,  in  some  resfjects,  more  sati 
factory  to  the  pniject  Mud  distrii*t  engineers,  a])d  perhaps  more  pa 
ticidarly  so  to  the  chief  cugineei"  and  the  arniv  of  act^tjuntants  rangii 
thiTJugh  the  various  departments  of  the  Wiishhigtou  otlices. 

(hi  the  other  hand,  the  s(u*ond  method  suggested  hiis  tfie  advantaj 
of  schfading  the  assistant  to  the  various  uu^thods  of  kiH^jii ng  acconn 
of  expendituiTS  and  re*f>rds  of  his  wc»rk  in  detail,  and  it  is  to  1 
borne  in  mind  tlnit  the  field  assistant  may,  tit  some  future  time,  at 
Lu  many  ciJseH  certainly  will.  Ir^  called  np<tn  to  take  charge  of  tl 
keeping  of  accounts  mid  to  assume  the  responsibilities  conne<*t< 
therewitli.    The  argument   in  this  connection   is  that,  in   the  en 
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more  is  gained  by  having  the  field  assistants  thoroughly  trained  in 
the  methods  of  keeping  accounts  and  making  reports  than  in  the 
temporary  advantage  of  having  the  accounts  in  better  form  and 
appearance.  This  case  is  nearly  parallel  to  that  of  the  engineer  who 
has  gone  through  all  of  the  different  branches  of  field  work  in  making 
surveys.  He  is  a  better  engineer  who  has  actually,  by*  experience, 
learned  all  of  the  details  of  chaining,  using  the  ax,  rodding,  mark- 
ing stakes,  leveling,  running  transit,  plane  table,  etc.,  than  he  who 
has  started  with  the  transit  at  the  beginning  and  has  never  gone 
through  any  or  all  of  the  preliminary  steps. 

It  is  true,  on  the  other  hand,  that  this  routine  work  and  devotion 
to  details  may  be  carried  too  far,  and,  as  previously  suggested,  the 
system  may  fall  of  its  own  weight.  For  this  reason  the  processes 
gone  through  should  be  as  simple  and  as  little  onerous  upon  the  field 
man  as  is  possible. 

The  system  used  by  myself  was  devised  for  my  own  needs  and 
without  particular  reference  to  the  work  of  other  engineers.  Later, 
however,  at  the  request  of  the  chief  engineer,  I  sent  samples  of  the 
different  forms  used  by  me  in  my  survey  work  (but  not  as  yet  with 
regard  to  construction  work)  to  all  of  the  different  district  and  super- 
vising engineers.  I  may  say,  in  passing,  tliat  the  comments  which 
have  come  to  me  have,  in  general,  been  commendatory,  although  a 
number  of  valuable  suggestions  have  been  made  with  reference  to 
(possible  desirable  changes. 

The  system  adopted  is,  briefly,  as  follows : 

The  chief  of  a  party  or  head  of  any  particular  class  of  work, 
whether  he  have  a  dozen  men  under  him,  or  Ik*  doing  all  of  the  work 
with  only  one  assistant,  or  even  by  himself  alone,  is  furnished  with  a 
time  book,  consisting  of — 

First.  Instructions  to  chief  of  party. 

Second.  The  usual  return  penalty  blank. 

Third.  Title-page,  witli  l)lank  space  for  month,  State,  project,  etc. 

Fourth.  Personnel  of  party,  coiflprising  name,  classification,  occu- 
pation, rate  per  da}%  name  of  person  to  lx>  notified  in  case  of  injury  to 
employee,  and  permanent  address. 

Fifth.  Monthly  time  record  in  the  usual  tinie-l)ook  form. 

Sixth.  Several  pages  for  (hiily  record,  wliich  are  nothing  more  nor 
less  than  a  form  of  journal  intend(»d  siin[)ly  to  help  the  assistant  to 
keep  track  of  imix>rtant  incidents  and  to  furnish  him  with  a  regular 
place  for  keeping  memoranda  of  purchases,  etc.,  space  being  pro- 
vided also  for  an  estimate  of  the  salary  expenses  for  the  day  upon  the 
several  classes  of  work  under  his  direction.  Some  would  make  this 
even  more  extensive. 

Seventh.  The  last  two  pages  of  the  book  are  devoted  to  a  monthly 
summary,  using  the  subjects  for  secondary  and  tertiary  division  used  in 
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tlir  diur^t*  sluH^t,  ^^^lKlivi4letl  to  some  extent,  but  grouped  under  fhfi 
flaHsifit'ations  kIiowii  thereiiu  this  monthly  summary  iMniig  for  tht 
purposi'  tif  frtiiiifiinr/iii^  tin*  iis^sislant  witli  th*'  terms  uscnl  aiul  snth 
the  iijituri'  of  I  Ik*  work  wliidi  lins  t*>  lu^  dtiin^  in  thr  SKVOuntirig  dirl 
sioti*  Somt*  of  iiiv  n>rreH]>oiuli>nt>5  wouhl  prefer  to  leave  thia  Dot 
entin'ly. 

Experit/iMr  bus  .shown  Muit  it  takfs  Imt  a  few  niiniitesi-  time  on  thi- 
part  of  tlie  chief  of  the  party  each  evening,  and  two  or  three  houns  ai 
t!ie  end  of  llu'  iiK^nllt,  rift**r  \h*  lias  lM*C4>roe  ftunilinr  witli  what  in 
^•K|ieete(!  of  him.  tt>  keofj  lli^  Iwiok  in  witi^^faelorv  eonditioru  He  may, 
if  he  desires,  kfH*p  n  duplieate  for  his  own  use  and  rtM'ords,  Init  tht 
original  is  to  Im*  tiirni^l  in  as  his  ivport  promptly  nl  the  end  <if  the 
month  lo  his  j^iipeiMor  olIiiHT.  It  is  to  he  acronipflnied  Irv  sneh  writ- 
ten statements  as  lie  may  wish  tn  give  in  descrihin«:  the  work  done  I 
onder  his  dtn*t*tioru  wfdrli  stiitrnn^nts  shouh!  i\*fer  to  the  orders  4»f 
hissnperior  ofH(*er,  imd  give  sueh  details  as  the  assistant  may  eoneeive 
to  1)0  of  irn]iortaTu^  in  eonnertion  with  his  work.  It  should,  in  mtm 
rast*s,  he  aeeompanied  hy  sketches,  wliirh  in  the  work  under  my 
supervision  inv  oxpert*^!  to  lie  mnde  ujion  progix^ss  map^,  com  piled 
in  the  offitr  for  UE^e  in  the  Held. 

T(h*  <*lni*f  of  i'rteli  inirty  is  exported,  moivover,  nt  the  end  of  r^arh 
week,  to  keep  holh  the  projeet  engineer  iind  the  dij>trict  cngin**er 
informed  as  to  the  i>rogn*s.s  of  his  work,  by  means  of  Form  D^VI, 
whieh  eonsists  siinidy  of  a  juurnni  of  the  week's  work,  with  spat^e*  for 
eomiiK'nti^  (^onrrrnirig  wi»ric  and  For  a  fonn^ust  of  the  work  to  l>e  dini^ 
during  the  ensuing  week.  I  find  tliese  forms  of  considerable  value 
in  keeping  me  in  touch  with  th(»  work  going  on.  It  is  expected,  of 
course,  that  the  chief  of  party  will  also  write  detailed  letters  in  case 
there  is  anything  recjuiring  particular  attention  or  in  case  there  is  not 
enough  space  on  the  form.  His  rcj)()rts,  however,  are  all  to  be  on 
sheets  of  the  same  size  as  the  form,  whicli  is  of  the  ordinary  letter  size. 

At  the  cud  of  each  month  each  chief  of  i)arty  or  individual  having 
direct  charge  of  inijxu-taut  work  is  cx])ecte(l  to  send  in  a  summary 
for  the  month  on  Form  9-518.  It  is  intended  that  but  little  time 
should  be  required  in  filling  out  this  form,  which,  in  the  main,  is 
arranged  on  the  plan  of  the  charge  sheet.  Instructions  are  given  on 
the  back  of  the  same  for  its  use,  and  thus  far  those  who  have  made 
use  of  it  have  expressed  satisfaction  with  the  results  obtained. 

Form  9-514  is  intended  as  a  means  of  grouping  together  the  reports 
from  the  chiefs  of  parties,  so  that  they  uuiy  be  submitted  as  a  whole 
to  the  ])r()jcct  engineer.  It  is  not  essential  that  coj)ies  of  Form  9-518 
be  sent  to  the  district  engineer  with  the  suuunary,  although  it  is  desir- 
able at  i)oints  where  there  are  auditing  dei)artments  capable  of  going 
over  the  various  reports  and  checking  the  results. 

In  general,  it  may  be  said  that  Forms  9-515  and  9-512  would  be 
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almost  universally  accepted  among  the  engineers,  while  9-514  and 
9-518  are  forms  which  some  engineers  would  not  have  made  up  in  the 
field,  but  the  information  upon  which  would  be  gleaned  from  the 
office  records.  Much  could  be  said  upon  both  sides  of  this  question, 
but  the  main  point  is  that  records  of  this  character  should  be  available 
from  some  source,  whether  made  up  in  the  office  or  in  the  field,  and 
these  forms  have  thus  far  seemed  easily  comprehended  and  to  require 
but  little  labor.  To  make  their  use  possible,  that  must  be  done  which 
I  assume  is  done  in  every  well-organized  office,  namely,  purchases 
must  be  made  upon  requisition  and  the  purchaser  must  be  furnished 
with  an  itemized  statement  showing  each  purchase  made,  with  cost  of 
same.  In  all  of  my  work  I  have  these  requisitions  made  in  dupli- 
cate— that  is,  with  an  original  and  carbon-copy,  the  original  being  left 
with  the  merchant  from  whom  the  goods  were  purchased  and  the 
carbon  copy  being  retained  in  the  office. 

REPORTS   ON    CONSTRUCTION    WORK. 

The  system  devised  for  reports  upon  construction  work  is  somewhat 
more  extended,  although  simpler  in  its  nature.  It  proceeds  along  two 
lines — first,  on  the  supposition  that  the  office  must  be  kept  informed 
concerning  the  work  actually  done  by  the  contractor,  and,  second, 
that  the  office  must  have  as  definite  information  as  possible  concern- 
ing the  actual  cost  of  construction  to  the  contractor. 

In  the  first  group  the  field  quantity  lx)ok  is  naturally  the  basis. 
From  the  quantity  book  quantity  sheets  are  made,  showing  the 
amount  of  material  removed  and  the  amount  of  work  done.  These 
are  to  l)e  made  up  by  the  division  engineers  and  forwarded  to  the 
project  engineer,  in  whose  office  they  will  bo  kei)t  on  file.  Next  is  a 
form  for  the  purpose  of  showint^  the  total  amounts  of  work  done  by 
the  contractors,  this  l)eing  compiled  from  the  quantity  sheets.  Last 
is  a  form  for  the  purpose  of  making  a  statement  of  the  amount  to 
bo  paid  the  contractor,  a  copy  of  which  is  forwarded  to  the  district 
engineer,  and,  after  beiiii^  cliecked  and  aj)i)r<)ved  by  him,  to  the  chief 
engineer.  With  this  statement  is  a  graphic  representation  of  work 
actually  accomplished  and  ])ayments  to  the  contractor. 

The  second  gl'oup  is  based  upon  the  time  book  and  is  for  the  pur- 
pose of  determining,  as  far  as  possible,  the  cost  to  the  contractor  and 
his  consequent  profit  or  loss.  The  timekeeper  keeps  a  time  book  of 
the  kind  ordinarily  used  in  similar  work,  and  at  the  end  of  each  week 
or  month  makes  his  report  upon  a  suitable  form,  showing  the  amount 
of  labor  and  materials  paid  f(U'  by  the  contractor.  These  reports 
are  forwarded  to  the  project  engineer,  in  whose  office  a  more  detailed 
report  is  compiled,  showing  the  cost  to  the  contractor.  These  reports 
are  filed  away  as  matters  of  record  and  are  not  necessarily  sent  to 
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vouUl  Im»  witlHlnnva  by  tlic  upplicatioa  of  piimpK  or  other  ^avitjJ 
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The  HouiveH  of  Biipply  which  htivt*  fillod  th«*He  re^rvoirs  of  drift 

rrnjt<*rinl  nn-  l!in^(*  in  niitiil>*^r-  i  I)  tht^  fH'fri|jhiitioii  on  tlu*  inoiintHiii 
wiiterstied  hoiiJiding  tht*  imsiu  \>  htn'r  {\w  water  is  to  be  found;  (2) 
the  preeipitiition  UfMin  the  valley  land  it^If,  part  of  which  enters 
the  ^^nmnd.  arid  i^)  ifu'  n'turn  waters  from  irrigation  on  areas  lying 
ulxnv  the  l)asin> 

By  an  inspeetion  of  the  l-nitptl  States  (retdogical  Sun^'ey  map«i  of  ^ 
the  Kedlands  and  Shu  li<*ruardinti  ijuHih-iuigh^s  it  will  In*  setm  that. 
Silt  I  lii'inurdirK*  \*a]ley,  fur  example*  lias  a  numljer  of  large  gmvd 
wa^the^  running  from  the  various  riv<*rs,  m*t^ks  and  mountain  can- 
youN  inio  and  m*i'oss  ih<^  va]l<\v.  Thew  gravel  wiishes  ei)m prise  a  eon- 
side  ra  hie  area  of  tlu*  land  atljae«'nt  to  the  fool  hi  lis,  and  where  tht*y  - 
1*1  iter  upon  the  valley  lands  are  designated  by  engini»i'ri>  as  '^  debris  1 
eones,"  T\m  tith*  is  derived  frnni  the  fad  thnt  lliey  are  fan-slunHMl 
deposits  of  eoarsi'  ihiff.  whirh  U'tir  sonirtlirnir  of  a  resenihhmce  to 
the  side  of  a  eone.  When  the  flood  waters  from  the  mountains  are 
deposited  at  the  mouth  of  a  eanyon.  they  pass  over  these  debris  eones, 
j)ermitting  a  eertain  amount  of  the  flowing  water  to  sink  l)elow"  the 
surface.  The  water  thus  sinking  is  not  again  (h*awn  to  the  surface 
and  evaporated,  but  percolates  gradually  until  it  entei-s  the  valley  or 
basin  below,  where  it  furnishes  l)y  far  the  most  important  source  of 
supply  of  the  underground  valleys  of  southern  California. 

Next  in  importance,  viewed  from  the  state  of  nature,  but  not  in 
volume,  under  the  i)resent  artificial  conditions  produced  by  irrigation, 
is  the  rainfall  ui)on  these  valley  lands.  The  water  falling  upon 
the  surface  ])enet rates  to  various  depths,  depending  upon  the  nature 
of  the  ground  and  the  amount  of  annual  precipitation.  \Miere  the 
ground  is  porous,  and  in  years  of  good  rainfall,  a  considerable 
quantity  of  water  is  added  to  these  underground  reservoirs  in  this 
manner;  on  the  other  hand,  where  the  ground  consists  of  fine  clay, 
very  little,  if  any,  is  added  to  the  supply.  Since  the  extension  of  irri- 
gation and  the  diversion  of  all  the  normal  flow  of  streams  in  the 
valleys  of  southern  California,  another  source  of  supply  has  been 
added  to  these  underground  reservoirs.  It  is  well  known  that  when 
water  is  applied  to  the  surface  for  irrigation  purposes  a  certain  per- 
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centage  of  the  w^ter  is  evaporated,  another  part  is  consumed  by  plant 
life,  and  the  remainder  absorbed  by  the  ground.  As  in  the  ease  of 
rainfall,  if  the  water  absorbed  by  the  ground  reaches  a  depth  below 
the  surface  from  which  capillary  attraction  can  no  longer  draw  it  up 
and  cause  it  to  lie  evaporated,  it  descends  and  becomes  a  part  of  the 
supply  in  the  underground  valley  reservoir. 

EXTENT   OF    rNUKK(JR()imD    WATER    SUPPLY. 

Much  investigation  has  Ix^en  carried  on  to  determine  the  extent  of 
the  underground  water  supplies  in  soutiiern  California.  All  investi- 
gatoi's  have  reached  al)out  the  same  conclusion,  that  the  supply  pro- 
duced by  nature  annually  for  the  replenishment  of  these  reservoirs 
is  limited.  WTiile  ft  is  considerable  in  yeai-s  of  abundant  rainfall, 
it  becomes  almost  nothing  in  veal's  of  mininmm  precipitation,  and  a 
mean  must  be  drawn  so  that  the  reserve  supply  is  not  withdrawn  to 
such  an  extent  as  to  imperil  this  resource.  Up  to  the  present  time 
this  has  been  much  neglected,  and  the  haphazard  and  reckless  way 
in  which  promoters  have  attacked  the  underground  water  supply 
of  southern  California  has  demonstrated  the  necessity  of  future 
I'etrenchment.  A  great  numl^r  of  cases  may  be  cited  where  one  com- 
pany has  obtained  a  supply  of  water  by  underground  development, 
soon  to  find  that  some  one  else  would  follow  them  and  either  take 
away  a  portion  or  all  of  their  supply.  Cases  of  this  kind  became 
so  numerous  that  the  matter  had  to  l)e  l)rouglit  to  the  attention  of 
the  courts,  and  nuich  expensive  litigation  has  Ix^en  the  result. 

LEGAL    PROTECTION    OF    I  NUKRCJROITNI)    WATER. 

At  first  the  courts  were  inclined  to  treat  the  subject  in  the  same 
manner  as  the  law  regarded  it  in  n'gioiis  of  {il)nndant  rainfall,  per- 
mitting to  each  man  the  right  to  take  as  much  of  the  water  percolating 
in  his  own  land  as  he  con  hi  nsc,  ivgardless  of  the  j)urj)()se  to  which 
it  might  l)e  put  or  the  locality  where  it  would  be  applied  to  the 
desired  use.  The  defects  of  this  rule,  however,  became  so  apparent 
that  the  supreme  court  of  California  saw  the  nec(»ssity  of  so  inter- 
preting the  connnon  law  as  to  adaj)t  it  to  the  conditions  prevailing 
in  that  State. 

The  first  important  case  in  the  State  of  California  on  this  subject 
was  the  now  famous  case  of  Katz  /•.  Walkinshaw,  rej)orted  in  Cali- 
fornia Reports,  vol.  141.  The  decision  in  this  case*  established  the 
rule  that  underground  percolating  waters,  even  when  existing  in  the 
soil  of  a  proprietor,  could  only  be  devoted  to  reasonable  use  on  the 
freehold  itself.  Under  this  rule  it  will  Im*  possible  to  j)rotect  all 
legitimate  uses  of  the  percolating  waters  in  the  land  and  to  prevent 
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Ui  f*orni'  fruni  this  soiirco.     It  is  poi^thle.  however,  ff>r  the  users  ol 
watfr  being  punijK^rl   from  tlniM*  vftlk^'s  to  incrpas©  the  sitppi 

imothi^r  wny. 

ftepleHt^hmefit  fttf  ffoad^. — As  liiis  already  Ih'**ij  jKiifited  o 
principal  sourt*t*  of  supply  for  thin  itnderg^rmind  water  in  th 
watpr  wlurh  is  dist^dar^'d  frnni  the  iiininitairi  wat^^rsheds  aclj^ 
Wjjpn  th<»st*  HrMjd  wiitrrs  rnlor  lUv  \n\U\y  they  issue  forth  in  a  nnr 
and  onntracted  rhanriel  at  siniif^  jwint  across  the  debris  t*one  imm 
tiUAy  Mmw  thi'  I  noil  I  h  of  llir  mountain  i*anyniL  The  opportunity 
percolation  from  the  stream  when  flowin^Lr  i>  limited  to  the  arei 
^urfnt'e  over  which  it  passt^w,  Tlie  material  l>eing  porouB,  a  con 
eruljle  amount  of  water  p<n'<T>hde^  down  in\n  the  strata,  even  in 
narrow  ehanru'l  iHHni|>itMl  l>y  I  lie  water,  But^  on  the  other  hand 
h  undisputed  that  when  heavy  fitjods  oixur  the  greater  part  of 
Flood  run -off  j>aKst*s  over  tht»  >;iirfaee,  down  the  variolic  stiieam  ch 
nel^,  tmd  eventualiy  into  the  I'acifie  Oeeruj-  If  t^)me  means  csD 
adopted  wheTOhy  a  gn^atar  percentage*  f*f  the  flood  water  may  m 
the  dehris  eones  alon^^  the  upfx^r  nuiririn  of  the  valh\vs,  it  follows  t 
tho  suj)ply  tci  the  iMjtlerirrounii  ri'si'rvon's  ean  he  iiierenstHi  coi 
spondingly,  and  this  is  an  ideal  which  in  not  init)o««ible  of  realizati 
The  areas  of  thes<*  *rrrnel  washes  nvv  vovy  extensive,  and  if  the  fl^ 
waters,  instead  of  running  in  a  narrow  olninneh  were  spread 
over  the  debris  eones  tht^  result  would  \m  to  food  the  undergi'oi 
reservoirs  inueh  more  rapidly  than  is  possible  in  a  state  of  nati 
In  order  to  aeeomplish  this  it  will  Im*  necessary  f<yv  those  interes 
in  the  water  supply  of  these  uiidergiY>und  reservoirs  to  et>nsti 
regulating  works  at  the  mouth  of  every  mountain  canyon  of  suffid 
importance,  frv  means  of  which  the  ilood  waters  can  be  control 
and  muformly  distributed  over  the  large  ai'eas  of  gravel  wash  imi 
<liately  1h?1ow  each  canyon,  J^ueh  wx»rks  would  have  to  consist  o 
dan»  or  dams,  with  outlets  at  n  sufficient  nmnlu^r  of  pt>ints  to  < 
charge  the  water  on  the  gravel  wherever  desired* 

In  addition  to  the  dams,  shafts  or  wells  might  also  be  excava 
a  I  [joints  lower  down,  into  w  hich  streams  of  water  might  l>e  run,  tl 
atftirding  the  infiNratirai  of  water  into  the  gravel  dehris  cone  nil 
pressure.  Thes<^  dams  should  be  so  constructed  that  the  water  ini] 
l)e  shifted  from  place  to  jjlace  as  rei [uin^d. 

This  feature  is  extremely  important,  lK*niuse  when  flood  wa 
heavily  c^Iuirged  with  silt  flows  ov(*r  ihe  deljris  i-one  in  one  place  fc 
COnsid(*rable  period  I  lie  fine  silt  carried  h_v  th(*  water  fills  up  the  po 
I'nd  prevents  rapid  ]ierco1ation  into  the  detritus. 

In  connection  with  such  works  fnr  ctm trolling  aiui  distributing 
(lorjd  waters  over  the  dehris  cones  it  is,  of  course,  important  that  tl 
bo  so  constructed  as  not  to  direct  the  floods  upon  the  agricultu 
areas  adjacent^  theinaby  causing  damage  to  im]jroved  fjroperty. 
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While  the  accomplishment  of  this  method  of  recharging  the  under- 
ground areas  of  southern  California  seems  a  very  simple  one,  it 
involves  problems  in  hydraulics  which  are  possibly  more  important 
Aan  have  heretofore  been  encountered  by  the  engineering  profession. 
Not  only  is  the  question  of  designing  these  works  so  as  to  make  them 
commercially  economical  a  very  important  one,  but  the  question  of 
so  designing  them  as  not  to  damage  adjacent  improved  property  is 
one  of  still  greater  importance.  These  floods  are  sometimes  so  enor- 
mous that  to  divert  them  from  their  accustomed  channel  might  be  a 
serious  menace  to  many  localities,  for  which  reason  the  works  must 
not  only  be  substantially  built,  but  must  be  so  designed  as  to  allow 
complete  control  of  the  water  discharged  during  the  heaviest  floods. 

PUMPING   PROM   UNDERGROUND   RESERVOIRS. 

When  some  of  the  ideas  above  outlined  are  put  into  practice,  as  can 
without  doubt  be  accomplished  successfully,  ,the  fears  now  existing 
as  to  the  giving  out  of  the  underground  water  supply  in  southern 
California  and  the  abandonment  of  localities  now  under  cultivation 
will  be  wholly  dissipated.  The  subject  of  pumping  water  in  southern 
California  is,  therefore,  not  one  of  mere  passing  importance,  but  one 
which  will  engage  the  attention  of  the  people  in  this  section  for  all 
time.  It  is  an  industry  which  will  forever  flourish  and  be  extremely 
important,  becoming  more  so  as  the  question  is  solved  whereby  the 
right  to  the  use  of  this  water  is  definitely  decided  and  the  quantity 
which  can  be  obtained  from  this  source  is  definitely  determined. 
When  this  period  is  reached  the  troubles  incident  to  the  interference 
of  one  locality  with  another,  or  one  company  with  another,  will  be 
eliminated,  and  the  whole  industry  will  be  founded  upon  a  fixed  and 
conservative  basis. 

The  question  of  methods  and  extent  of  pumping  operations  is 
therefore  a  very  important  one  and  merits  thorough  description. 

EXTENT  OF   PUMPING  OPERATIONS. 

In  the  part  of  southern  California  lying  south  of  Tohachapi  Pass, 
and  embracing  the  great  valley  of  southern  California  having  its 
outlet  to  the  ocean  below  Ijos  Angeles,  as  well  as  a  large  nunilx^r  of 
smaller  valleys,  the  nunilx»r  of  horsepower  devoted  to  pumping 
water  for  irrigation  and  other  purpos(»s  approximates  10,000.  At 
times  the  number  of  horsepower  employed  is  even  greater,  but  the 
average  is  not  far  from  the  figure  stated. 

As  to  the  amount  of  water  being  pumped  by  this  power  it  is  diffi- 
cult to  state  exact  figures,  owing  to  the  fact  that  so  many  of  the 
pumping  plants  are  in  operation  only  for  short  periods  when  the 
Own^jTS  require  the  water.     Plants  operated  by  large  companies  and 
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nmnicipaliticH  an-   iu   ofxTHtion    mo**t   af  the  timi?,   but   indivirla 
plants  are  iimd  as  th«?  wxigimcit^  of  the  aw  nor  niaj  cif*Biaiid. 
tiv(*rri^f*  ipiiifitiiv  of  w»te*r  |>unifuMl  liiis  \hh*u  VHrioiisIy  cstiniJitt**! 
flifFen^iit  aiitliorities  to  Ik*  tho  i^qiiivaknit  of  anywhen^  from  ti^O 
550  stH'orifl-fcGt,  continuous  flow*    llic  niaking  of  such  an  estinta 
|jow<^Vi*r,  is  nH<*rHlt*<i  witb  i'<vnsi«l<*niljl<*  t|iffi<ii1t)%  owingf  to  the  firt 
timt  pumping  oj«^iatiotjH  arr  governvil  to  sucli  a  \Hvgv  exlont  by  cli^ 
iiuitiir  ctHulitioii!^.    In  fitmip  soasons  w^liirh  wi*  denoiiiifiate*^  dry  vcarsfl 
1!h^  jjurfipirifr  **f  water  is  nirriod  on  duriritr  almost  every  iTiouth  of 
iIh*  yt*ai\  wfiile  in  other  yea  1*8,  of  nion*  alanulant  rtiiitfaU,  it  is  cmrm 
fined  prineipally  to  alniut  six  or  seri^n  months*     'V\w  estiniati*  uf  ib^ 
iiuthor  is  thai  an  Mverap:  <puiiitily  of  alnrnt  4^0  s4.*eon(i-fect  of  water 
iniH  bet^n  piim|HHl  ihiriu^  tlie  hist  few  yeiir^i  fmni  the  various  under- 
ground-wnter  ^^o^^**^^s  of  southern  (  ■aHfornia.     This,  as  will  be  sho^n 
hy  the  reports  of  siTx^am  gaifrfn^s  in  soutlierii  California,  jb  a  much 
gTvater  v^jlume  than  the  et>iiihiiici]  tlt^w  t>f  all  the  running  sti 
duriiig  the  snnuner  si*ason  of  an  averagt>  year. 
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The  means  hy  which  this  large  vohune  of  water  is  pumjjed  varn 
greatly.  The  type  of  pump  emi*Ioyed  is  prolmhly  moi*e  uniform 
than  any  other  fe»ituns  as  tht^  t'critrif!igal  pump  is  pririeipHlly  u^. 
Some  other  tyj-^es  of  pumps  art*  in  operation  in  phiees  wdiere  tJie 
wati*r  is  to  Ix^  lifted  a  considerahle  lieighl,  but  thesc^  aiv  the  excep- 
tion rather  than  tlie  rule» 

Tho  kind  of  powi^^  emplovctl  in  driving  these  pumps  varies  con- 
siderably, being,  in  the  order  of  their  importance,  as  follows:  Electric 
motors,  gasoline  engines,  and  steam  plants.  The  application  is  either 
by  direct  connection  or  by  l)e]ting,  the  latter  lieing  at  present  the 
most  popular  and  most  widely  used.  In  the  case  of  electric  motors 
the  author  is  convinced  that  the  efficiency  can  \ye  increased  by  a  direct 
coimecticm  of  the  motor  to  the  pump,  particularly  in  the  case  of 
centrifugal  pumps. 

Efffciefiri/  of  pfffnps, — A  method  of  pumping  which  has  been  em- 
ployed to  some  extent  is  to  drive  an  air  compressor  by  means  of  either 
of  the  three  kinds  of  power  above  stated,  forcing  down  into  the  well 
the  compressed  air,  which,  upon  escaping,  throws  the  w^ater  out  of 
the  casing.  This  method  is  known  as  the  direct  air-lift  or  Pohle 
system.  The  economy  of  power  Avith  the  direct  lift  is  very  low,  as 
the  efficiency  of  an  air  compressor  is  usually  as  low  as  somewhere 
from  50  to  00  per  cent,  and  the  air  discharged  in  the  water  only 
exerts  about  one-half  of  its  useful  energ}^  in  lifting  w^ater,  the  bal- 
ance escaping  in  the  form  of  bubbles  to  the  surface.  The  result  is 
that  the  direct  air-lift  method  of  pumping  shows  an  efficiency  of 
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only  from  20  to  80  per  cent  of  the  actual  power  applied.  This 
makes  the  method  undesirable  where  a  first-class  pump  can  be  oper- 
ated to  advantage ;  but  it  has  its  use  in  the  case  of  a  large  number  of 
wells  scattered  over  a  radius  of  half  a  mile  or  thereabouts,  which  may 
be  operated  from  one  central  station  without  individual  plants  at 
each  well.  In  a  case  of  this  kind  the  compressor  can  be  installed  in 
the  central  station  and  the  air  piped  to  each  of  the  wells  from  this 
point.  The  loss  due  to  inefficiency  in  the  use  of  power  is,  therefore, 
in  such  cases  overcome  to  a  great  extent  by  avoiding  a  multiplicity . 
of  small  plants  and  attendants  to  look  after  them. 

As  to  the  efficiency  obtained  from  the  power  applied  to  other 
pumps,  it  has  been  found  to  vary  from  10  to  75  per  cent.  The  worst 
cases  of  installation  which  have  come  under  the  observation  of  the 
writer  were  where  centrifugal  pumps  have  l)een  used  and  show  an 
efficiency  of  about  40  per  cent,  the  best  being  about  75  per  cent. 
TTiis  range  also  applies  to  other  pumps,  such  as  the  Downey  double- 
acting  deep- well  pump,  as  well  as  to  triplex  and  quadruplex  pumps  = 
of  various  makes.  With  proper  installation  there  is  no  reason  why 
the  efficiency  should  ever  be  below  65  per  cent  in  case  of  any  of 
these  types  of  pumps,  and  with  the  very  best  design  it  should  in 
three-fourths  of  the  cases  be  up  to  75  per  cent.  The  faults  which 
account  for  the. inefficiencies  in  most  cases  are  in  selecting  the  size 
of  pump  required  and  the  method  of  arranging  the  installation 
of  the  apparatus.  These  plants  are  frequently  installed  either  by 
agents,  who  are  not  themselves  familiar  with  points  relating  to  tho 
operation  of  such  machinery,  or  by  the  owners  of  wells  themselves, 
who  go  ahead  without  any  technical  assistance.  However,  the  peo- 
ple are  gradually  learning  that  economy  in  operation  is  a  very 
important  essential,  and  that  the  investment  of  a  few  less  dollars  in 
the  initial  cost  is  not  so  important  as  tlie  securing  of  a  continuously 
high  efficiency. 

Klectric  power  for  pfimping, — AMiile  streams  in  southern  Cali- 
fornia are  not  large  in  volume  during  the  season  of  normal  flow, 
they  possess  another  feature,  viz,  that  of  having  steeply  inclined 
l)eds.  The  gi'ades  of  the  streams  flowing  from  the  mountain  water- 
sheds vary  from  100  feet  to  400  feet  per  mile.  This  fact  makes  it 
possible  to  obtain  high  falls  in  the  mountains,  from  which  electric 
power  can  be  developed.  The  result  is  that  there  is  not  at  present  a 
stream  of  any  importance  on  which  there  has  not  lx»en  constructed 
one  or  more  hydro-electric  power  plants.  In  the  development  of 
these  powers  the  Edison  Electric  Company,  of  Tx)s  Angeles,  has  been 
the  leader  up  to  the  present  time,  having  develoi)ed  and  put  in  opera- 
tion 0  plants  of  this  kind  and  Ix^ing  engaged  at  present  in  the  con- 
struction of  several  more.  The  output  of  these  plants  is  largely 
IBB  146—05  M 5 
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ua«»d  for  jyionping  wiili*r  ftir  irTigatioii  ami  c*tlH*r  purfKie^e^  aiicL 
das4;ri|>tioii  nf  Che  niHlioils  cif  constructing  them  h  thcivfore  of  gM 
vnhh'  ill  this  <-i»iiiiectioiu  1 

f  )f  the  plants^  which  the  EHihotj  Kk*c'trir  Company  hms  in  operaUt 
Ht  Hn*  prt*j#iit  tiiTnu  th(*  lirsi  was  iiisltilh'd  tni  Mill  I'rfH^k,  ne§ 
Red  lands,  in  the  year  lHlJ:i.  This  plant  has  a  net  fall  of  51(J  fix*t,  nn 
the  water  is  carried  thrun^h  a  JUJ-lneh  steel  force  ihain  10,250  fet*t  i 
lengtli.  This  is  the  only  j>l3X!it  th;H  may  i>e  hTincd  a  "'  valley  ''  plaa 
the  diversion  of  I  he  water  U^in^j  iit  the  mouth  of  Mill  Ore<*k  C^nyo 
nnd  th*?  pipe  line  and  power  honse  l>eing  entirely  in  the  viiJIey.  Th 
fall  of  tlie  valley  Kt  this  point,  however,  heing  njnrc  than  250  feet  pe 
niih*,  njade  tlu*  eonHtructiun  of  tlu*  [>hint  easily  ptjssihle,  llie  appi 
ratiifci  installed  in  the  station  of  Mill  CnH?k  No,  1  i^  three  ^50-kilowa( 
ge[M*ratoi>i*  driven  hy  Pell  on  waler  wlu*f*ls.  The^e  pitreratois  ti 
tlieir  estimated  fnll  hmd  dev^eh)p  U(K>C)  lior^^pnwer,  ivnt  have  frt 
qnentlj  l»een  loadeti  liO  or  10  per  tvtit  over  their  rated  capacity <  A 
the  time  of  iti^  installation  this  i>hint  wa>s  t*onsiden*d  Inrp/  ami  irnpoi 
tant,  lx*ing  the  first  e<anniereial  three  pliawe  plant  in  the  weirhL  Ijitc 
developments  of  the  liauiumy,  however,  Inive  made  this  plant  api^K^ 
small  and  insignificant* 

Twtj  other  plants  have  lw*en  installed  higher  up  on  the  sai 
stivani  and  are  known  nn  "  Mill  Creek  No,  2  an* I  No,  tV^  The  fontie 
of  these  was  eonstrneted  in  the  year  1H1J8,  the  fall  availatde  at  th 
water  wheels  lK.*ing  TiiiT  feet,  Thi^  phmt  *lerives  \ts  water  from  i 
tributary  of  Mill  Creek  known  as  '*  Moimtnrn  Home  Stream*'"  iin< 
from  certain  other  water  rising  in  the  bed  of  Mill  Creek  itself  belov 
the  next  diversion,  known  as  ''  Mill  Creek  No.  3/' 

The  water  is  carried  in  a  cement-concrete  pipe  line  along  the  side  o 
the  mountain  and  through  numerous  tunnels  to  a  fore  bay,  from  whicl 
point  the  force  main  of  steel  pipe,  18  inches  inside  diameter  and  1,40^ 
feet  in  length,  delivers  the  water  to  the  power  station.  The  machiner 
installed  in  this  plant  consists  of  two  2r)0-kilowatt  generatoi's,  als( 
driven  by  means  of  Pelton  water  wheels. 

The  plant  on  Mill  Cree'-  known  as  Mill  Creek  No.  8  is  remark 
able  on  account  of  its  high  pressure  at  the  wh(*els.  The  net  fall  froii 
the  fore  bay  to  the  power-house  floor  is  1,0()0  feet,  b?ing  through  a  stee 
force  main  about  8,000  feet  in  length  and  varying  from  i?8  inches  to  2 
inches  internal  diameter.  The  water  is  diverted  from  Mill  Creek  at : 
point  near  Akers  Narrows,  which  is  situated  nearly  5,000  feet  abov 
sea  level,  and  carried  through  a  cement -concrete  pipe  31^  inches  ii 
diameter,  laid  on  a  grade  of  two-tenths  of  a  foot  per  100  feet.  Thi 
pipe  is  buried  in  trenches  or  laid  through  tunnels.  These  tunneh 
of  which  there  are  19  on  the  line,  var\^  in  length  from  800  feet  to  1,10^ 
feet. 

The  method  of  making  the  cement-concrete  pipe  referred  to  is  b] 
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using  a  form  consisting  of  two  parts,  the  inside  being  known  as  the 
core  and  the  outside  as  the  jacket.  The  core  when  expanded  has  an 
outside  diameter  equal  to  that  required  for  the  inside  of  the  pi|)e 
section,  and  the  jacket  when  closed  has  an  inside  diameter  equal  to 
that  required  for  the  outside  diameter  of  the  pipe  section.  The 
space  betwe^i  the  two  when  placed  in  position  constitutes  the  thick- 
ness of  shell  for  the  concrete  pipe,  which  in  case  of  31-inch  pipe  is  25 
inches.  The  forms  when  set  up  and  in  position  for  making  pipe  are 
placed  upon  a  cast-iron  ring,  which  gives  the  lower  end  of  the  pipe 
section  an  ogee  form.  The  core  is  expanded  by  means  of  a  locking 
device,  by  loosening  which  it  can  be  contracted  to  a  lesser  diameter. 
The  reverse  is  true  of  the  jacket,  which  is  contracted  by  means  of 
u  similar  device,  the  loosening  of  which  allows  the  jacket  to  be 
expanded. 

The  making  of  the  pipe  is  accomplished  by  mixing  sand  and  finely 
crushed  rock  in  equal  proportions,  and  again  mixing  this,  in  the 
proportion  of  1  to  3,  by  measurement,  with  hydraulic  Portland 
cement.  This  is  shoveled  into  place  between  the  core  and  jacket 
through  a  hopper  and  tamped  thoroughly  until  the  entin*  space  is 
filled.  The  hopper  is  then  removed  and  a  heavy  shaping  ring  is 
placed  on  top  of  the  jacket,  which  shapes  the  upper  end  of  the  pipe 
section  to  correspond  in  reverse  to  the  lower  one.  The  core  is  then 
pulled  while  the  shaping  ring  is  still  in  place,  after  which  this  is 
removed,  but  the  outside  jacket  is  not  taken  off  for  about  thirty  or 
forty  minutes,  or  until  the  concrete  has  taken  on  its  initial  wt.  The 
pipe  section  is  then  left  on  the  cast-iron  ring  for  two  or  three  days 
until  it  can  be  lifte<l  off  with  safety. 

To  render  them  inij>orvious  tlM»s<?  s*»ctions  an»  lat^T  (ro»ti*d  with  n 
wash  of  neat  cement  dissr^lvcd  in  water  to  cover  tin*  I'litire  interi^ir 
.surface. 

The  method  of  laying  th<*M*  pijK*>  is  to  phu-r*  thcni  to^fthi-r.  y^t  that 
the  recess  in  the  enrl  of  on<*  -^Ttion  fit>  tin-  projcH-tioii  of  th#»  otlwr. 
A  collar  of  cement  mortar.  iiiixiMJ  witli  1  part  rf-nient  to  '2  jiart-  rand. 
is  then  applie^l.  by  niean>  of  fuIiIkt  ^Iovi*>.  around  thr*  ^ntin'  out-ide 
and  underneath  the  pifK*.  Thi:-  rf»llar  vari*^  in  -iz*?.  d^*fK*ndinir  iifKin 
the  diameter  of  th**  pif^*:  th«»  jr»*ii'Tal  nilf*  lieing  that  it  *hoidd  Ije 
twice  as  wide  a>  th#*  thirkiK--^  of  th<*  pifi*-  -h»-ll  and  JuA.  1*-^  than 
one-sixth  as  deep  at  tin*  jKiint  of  jiiiK-tnr*'  of  th**  two  pipe>  a*  the 
thickness  of  the  pij^  ^h^-ll.  TIk-  '-rark  fr»rm#Hl  on  the  in-ide  of  the 
pipe  where  the  two  r^f-tion-  ar^  joinMJ  i-  ^r^fidly  pla*tfn=^l  with  a 
trowel  to  make  a  r^mrj^ith  anrj  frintinnou^  -urfa*^.  finf^t  impr/rtan^- 
attaches  to  having  th**  ''iid-  of  th*=*  pijie  -*--ison  w#-ll  H«4rj#^l  and 
thorougiilv  wet  befon-  th^-  mortar  for  makir^  ih*-  rjiii-id*-  rtfWnr  or 
plastering  the  interior  i-  appli*-<l.  and  al-o  to  covering  carefully  the 
collar  or  band  after  it  i^  cr>mpleted. 
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After  th<!  pip<?  joint  i^  wi^ll  st*t,  tlu^  tr**iich  is  tliMi  back  filletl 
mirth,  rfjvtTliif;  tht*  pipe*  to  a  rlcpth  of  HlK)iit  18  inches.  It  i 
desjriihh^  to  rowr  tin*  )>ipu  any  (]H*por  thun  thi.s  with  fi^enlt 
cmiu^  to  the  danffiT  of  the  L^xteniiil  prt»s?^urp  cniekin^  or  <)i^}itrb 
the  t'oncn*te,  \mt  lati*r  on,  nftor  ifu*  i*Mi'lh  tins  thorouijhly  s^t  nrm 
IIm*  i*iitiiT  outside  cireirriiferouc'c  of  ii  pipe  seetion  froin  tmttl 
rninfHll  on  tlu>  siirfuc*',  it  mrty  Ih*  t'<H'en*(l  to  tiny  ilcpth-  This  meil 
of  rtjnstnif*tin*j  u  liydraulle  condnit  for  power  plnnts  has  in*t*n  foii 
very  ei'onoinienl  ^md  elliiueiit,  rts  the  ("OTuluit  is  IniHed  under  t 
ground  wlien?  no  sislifles,  wnshonts,  or  iniIHii^  ln>wl(ler!^  ran  iiijurr  it 

The  Kdisnn  Klertrii;  Conijimiy  has  nKs**  eonslnuted  its  hydmtl 
fr>iHhiit  for  tlie  i>ii\vpr  plant  owned  hy  \\  ou  I^ytU*  Cnvk,  in  S 
HernHrdino  Coutity,  in  tlie  same  ruainier,  vising  in  this  ciijsg  a  3H4ii 
diaini'ter  ]>i))e  having  a  shell  i\  inehas  thiek. 

ThcK^  thn%*  |>hints,  (lie  two  on  Mill  Creek  above  referrc^d  to 
(he  one  on  Lytte  Creek*  have  In^en  in  operation  ii  long  tinie  and 
accidents  of  uny  kind  have  oecnrred  to  (he  pii>e.     They   are  in 
eondilion  wliieh  warrnnts  tlie  hiOief  Hnit  they  will  last  iiidelinitelv- 

TIh\  company  litis,  in  ndtlition  to  the  thn?e  plants  on  Mill  Ci'eek  at 
the  (»ne  on  Lyth-  C'n*ek,  two  otlier  [>lants  located  on  the  Santa  Aj 
Hiven  h1m>  near  Red  hinds.  Thes*-  p  hints  are  known  as  Santa  Aj 
Rivc*r  No.  i,  wliirli  was  i^onKfrneled  in  lHt)8,  and  Santa  Ana  Riv 
No,  2*  const nided  dnring  1004»  The  volume  of  water  far  the 
phiiUs  is  so  niuch  lar^J^er  than  for  the  others  already  discussed  tli 
it  was  im possible  to  inlopt  tlic  ty|>t^  of  construction  already  descril>« 
It  was  then* fori'  dee-ided  to  (hHve  turniels  thriHJgli  the  sidert  of  tl 
mountain.  These  tunnels  are  lined  with  con<Teie  and  w^hen  (inish< 
are  5  feel  wide  on  I  lie  hot  ton  i  and  0  feet  hii^h,  the  sides  Immii^;  n 
np  stnii*^ht  for  4|  feet,  after  which  an  arcli  is  sprung  over  the  niiddl 
The  eajMieity  of  lliese  tunnels  is  \(H\  secfnul-feet  (*f  water;  the  fall 
tlie  ii]>per  power  [>huit  i>eLng  Tl^S  ft.vt,  and  at  tlie  hiwer  one,  or  No. 
Zm  feet, 

Thi^  most  reniarkahle  installation  yet  ct»nipleted  hy  the  company 
the  No.  l\  i)hitit  Oh  Mill  Cnn^k,  <jwiiig  to  its  t\\treundy  Iiigli  head^  ti 
pressure  at  the  nozxle  oi  the  IVltoii  wheel  Ikmu^  h4()  jxnuuls  to  tl 
sfpiare  inch,  Tlie  pipe  used  at  the  h^vt^r  *^ud  of  tliis  force  main  is  < 
tlie  lap- welded  pattern,  with  solid  steel  flanges  welilcil  to  each  pi] 
s<'etion.  As  the  thickest  pijie^— of  t24-inch  dianieter^ — which  could  I 
made  hy  tlie  National  TuIk^  Company  was  three-fourtlis  of  an  inch, 
Iw^c^anie  necessary  in  wrap  the  lower  end  at  this  pipe  for  the  for 
main  to  givp  it  the  requisite  strength.  This  was  done  with  criicibl 
steel  wire  three  six  tw  at  lis  of  an  inch  in  diameter,  applied  under  tei 
siou  while  the  i>ipe  was  ln'ing  turned  in  a  lathe,  and  .sei'urely  clampt 
at  biith  ends  of  the  pipe  section.  The  pipe  Avas  then  dipped  in  a  bai 
of  asphaltum  to  cover  the  surface  of  the  wrapping  thoroughly. 
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The  total  capacity  of  the  six  power  plants  of  the  Edison  Electric 
Company  above  referred  to  is  15,000  horsepower,  neariy  one-third  of 
which  is  being  used  for  the  pumping  of  water  for  irrigation  and 
domestic  purposes.  The  remainder  of  the  power  is  distributed  for 
lighting  and  street-railway  operation  in  the  various  cities  of  southern 
California. 

Another  large  electric-power  plant,  to  be  located  on  Kern  Kiver,  is 
now  in  course  of  construction  by  the  company,  which  will  have  a  total 
output  of  28,000  horsepower.  This  plant  will  consist  of  a  line  of 
tunnels  (8  miles  in  length),  divided  into  19  sections  and  worked  from 
38  headings.  The  size  of  these  tunnels  in  the  rough  is  9  feet  by  9  feet, 
the  sides  being  7  feet  vertical  with  an  arch  overhead.  The  entire  bot- 
tom and  sides  up  to  7  feet  will  be  lined  with  concrete^  reducing  the 
section  to  8  feet  by  7  feet  in  depth.  Overhead  lining,  in  the  form  of  a 
concrete  arch,  will  be  used  only  where  the  rock  is  not  sufficiently  solid 
to  be  self-supporting.  OA^er  half  of  these  tunnels,  or  about  4^  miles, 
were  completed  January  1,  1905. 

The  force  main  for  this  power  plant  will  be  an  inclined  under- 
ground tunnel,  which  will  be  lined  with  a  steel  tul)e  7^  feet  internal 
diameter,  the  space  between  this  steel  lining  and  the  sides  of  the 
tunnel  being  filled  with  concrete  well  rammed  into  place.  The  grade 
of  the  tunnels  leading  to  the  head  of  the  force  main  is  at  the  rate  of 
7.92  feet  per  mile,  giving  the  lined  section  a  capacity  of  about  400 
cubic  feet  per  second.  The  water  thus  carried  will  have  a  net  fall  of 
872  feet  from  the  head  of  the  force  main  to  the  water  wheels  in  the 
station. 

The  development  of  this  large  plant  was  made  necessary  by  the 
enormous  expansion  of  Inisiness  in  the  part  of  southern  California 
over  which  the  lines  of  the  rouipany  extend,  a  ^reat  deal  of  this  busi- 
ness Ijeing  occasioned  by  the  amount  of  j)()wer  used  for  pumping 
water. 

The  lining  of  the  tunnels  with  conoreto,  as  above  stated,  has  l)een 
found  to  1x5  the  most  economical  method  of  constructing  them, 
l)e(*ause  the  section  of  a  tunnel  of  given  carrying  capacity  is  reduced 
by  smoothness  of  interior.  Taking  Kutter's  formula  as  the  method  of 
calculating  the  capacity,  the  tunnels  driven  in  the  rough  by  means  of 
machine  drills  will  give  a  coefficient  of  roughness  from  0.028  to 
0.035,  while  the  lined  and  plastenMl  sin-tion  has  a  c(H»fficient  not 
ex<'eeding  0.012.  It  is  therefore  cheaper  to  provide  the  concrete  lin- 
ing and  plaster  than  to  excavate  the  much  larger  st^ction  nniuired  for 
carrying  the  same  quantity  of  water  through  a  tunnel  in  the  rough. 

Other  piTwers  used  for  pumping, — Largi»ly  l)ecause  the  ele(»tri(' 
development  has  not  Ix^en  able  to  supply  the  demaiuls  for  power 
a  great  many  individuals  and  companies  have  had  to  resort  to  the 
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NS(*  tif  gus^ilino  ftiul  Ktfttm  ]>liints  t<i  lift  their  water-  Th<*  g&^ilin 
engines  used  nrv  o\Hn*ii{v*\  with  tHsliIlatt\  win  eh  i^  u  <*riult»  ntl  Ir^ria 
th*t  liciivii^r  iii^ivtlii^nts  rriuaviHl.  'Hit*  runi  uf  this  fui*(  is  not  ex<tB 
^iv(?,  but  the  amount  of  attendahc*p  ivquinHl  for  Kinall  pluiit^  nialei 
(hf'  <»[n'riititin  (jnite  4'\iK'nsivi%  In  ihi'  msv  of  hii  eltH^trit'  iiuitor  tl 
machiin*ry  will  nm  w  ithont  an  nttt'udaut  aftirr  beiii^  stnilc^K  N 
with  a  distillati'  (tr  ^k^oliiii'  eii|rine  umw  one  hat^  to  W*  in  attoihlant 
to  gun  1**1  ihi^  otK^nitioii  of  th<'  jihnit*  This  is  nls4>  trn<^  whenp  steai 
plants  tire  usimI,  as  in  that  rase  a  rtivinaii  anil  engineer  must  bd. 
i*t>nstant  att(^ndann\  U^th  night  and  day. 

It  is  likely  that  as  the  developrnc*nt  of  eleetrie  powor  pmgrt^si 
tlu^  supply  will  \h}  suflieit^nt  to  tlisphtre  most  of  these  le^^  etxiuomia 
plant.^  with  elei^trie  molnis.  Altlioii^h  thi*  I'lectrie  (Hiuij>anic^  !5iij 
plying  povvrr  for  motors  do  not  usnaliy  make  a  rate  w^hieh  is  low* 
than  tJn*  rost  nf  fuel  for  otlu^r  phmls,  (tie  saving  in  tit  her  directi 
i«, so  great  that  the  i-hmig*-  will  1h*  inlopte*!  by  us4*i*s  of  power. 

Not  oidy  is  tti*^  saving  of  tttteiidanee  HlH>ve  cited  an  iinjM»rtaiit  iten 
hut  the  greater  ilnrahility  of  i^itn-trir  machinery  is  n*ally  still  mot 
important.  An  lOectrir  motor  is  a  piece  of  rmiehinerv  wbich,  if  nf 
]ibns4Hl,  will  em  lure  for  ati  in<letinite  time,  while  all  tyjjes  f>f  engine 
nw  liniitcil  in  their  life  to  only  a  few*  years*  Partieulnrly  is  thi 
trut'  whi'ti  they  luv  n|>eratetl  |tis  is  nsiially  the  car4i>)  in  pumping  plant 
by  men  who  are  not  skiUed  in  hamlling  power  machinery.  ^ 

PUMPING  IN  CENTRAL  CALIFORNIA. 

The  counties  of  central  California  from  Fresno  County  to  th 
Tehachapi  Pass,  including  the  counties  of  Fresno,  Tulare,  King^ 
and  Kern,  are  usually  classed  with  southern  California  when  th 
State  is  considered  in  only  two  geological  divisions.  These  countie 
include  what  is  the  best  part  of  the  San  Joaciuin  Valley,  which  nee<l 
greater  irrigation  facilities  alone  to  make  it  a  real  empire.  All  th 
waters  of  the  riv^ers  flowing  into  this  portion  of  the  San  Joaquin  Val 
ley  are  now  being  used  for  irrigation,  but  the  supply  is  sufficient  t 
irrigate  only  a  small  part  of  the  available  land.  The  whole  valley 
however,  is  underlaid  with  an  abundant  suj)ply  of  water,  wdiich  i 
most  localities  is  suitable  for  irrigation  purposes  if  pumped  to  th 
surface.  A  beginning  has  already  Ix^en  made  in  this  direction,  an 
the  Mount  AMiitney  Power  Company,  in  Tulare  County,  is  now^  suj: 
plying  large  quantities  of  i)ower  for  j)umping  water  to  irrigate  Ian 
in  that  locality.  This  power  plant  is  constructed  on  East  Fork  o 
Kaweah  Kiver,  and  more  than  half  its  output  is  applied  to  punipin 
water  at  the  present  time. 

In  Kern  County  a  plant  owmed  by  the  Bakersfield  Power,  Transi 
and  Light  Company  is  constructed,  from  which  a  great  part  of  th 
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output  is  used  for  pumping  wells  in  the  vicinity  of  Bakersfield.  The 
water  from  these  wells  is  used  largely  for  gi'owing  alfalfa  and  for 
irrigating  deciduous  fruits,  which  grow  luxuriantly  in  that  neigh- 
lK)rhood. 

With  a  greater  available  supply  of  power  for  pumping  purposes 
the  extension  of  irrigation  in  Kern  County,  by  means  of  pumping, 
will  l)e  greatly  increased.  In  Fresno  County  there  are  large  areas 
of  land  on  what  is  known  as  the  King  River  delta,  which  can  be 
reclaimed  by  means  of  wells  and  electric  power  developed  from  the 
Sierras. 

The  King  River  Power  Company,  a  corporation  under  the  Edison 
p]lectric  Company,  of  Los  Angeles,  is  the  owner  of  the  power  rights 
on  King  River  near  Fresno,  and  the  development  of  these  powers 
will  create  endless  possibilities  for  the  irrigation  of  land  from  sub- 
terranean water  in  this  part  of  San  Joaquin  Valley.  The  amount 
of  water  power  which  can  be  developed  at  normal  flow  of  the  streams 
from  the  King  River  Canyon,  at  Fresno,  south  to  Tehachapi  Pass, 
will  approximately  equal  200,000  horsepower,  and  unquestionably 
there  will  Ix*  a  market  for  all  of  this  i>ower,  as  a  great  part  of  it  is 
needed  in  southern  California,  south  of  Tehachapi,  and  another 
large!  part  will  be  required  for  pumping  water  in  San  Joaquin  Val- 
ley in  the  counties  above  referred  to.  It  is  hard  to  realize  what  will 
l)e  the  condition  of  tJie  population  in  this  part  of  the  San  Joaquin 
Valley  when  these  developments  are  completed  to  their  fullest 
extent. 

No  danger  need  l)e  apprehended  from  the  decline  of  the  subter- 
ranean water  supply  even  if  used  in  large  quantities  in  this  manner, 
as  the  water  taken  out  will  Iw  applied  to  the  surface  of  the  varlley 
itself,  and  a  very  largt  percentage  will  again  enter  the  ground,  the 
only  loss  Inking  from  evaporation  and  the  consumption  of  the  crops 
grown  on  the  land. 

The  cases  in  which  the  underground  water  supply  is  seriously  im- 
})aired  by  its  l)eing  pumped  for  use  are  those  Where  the  water  is 
carried  out  of  one  basin  or  valley  for  use  in  other  localities,  so  that  the 
return  waters  from  irrigation  do  not  reenter  the  same  strata  from 
which  the  supply  was  derived. 

SUGGESTIONS  AND  CAUTIONS. 

In  concluding  these  ol)servations  it  is  important  to  state  a  few  facts 
relating  to  the  proper  method  used  in  deciding  on  projects  where 
lands  are  to  be  reclaimed  by  the  us(»  of  underground  water. 

First,  it  must  I)e  definitely  ascertained  that  the  supply  is  ample  for 
the  purpose  intended  and  will  not  give  out  as  soon  as  the  locality 
built  up  from  its  use  has  become  large  and  prosperous.     This  is 
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pfiHicularly  important  whc^rp  tlw  wator  taken  from  one  I'aUfV  hi 

Ih"  t^nrritni  to  Nhodim'  distMiil  from  it,  In  this  i^nsv  it  muM  J>e  i^i 
fully  rtsrt^rtniiitHl  that  tin*  hiipplv  i^ntering  the  Imsiii  fiiim  wliicli  I 
water  rn  hiktMi  is  siiditMeiil  tri  nj>liMiisii  the  voidtt  rn*atiHl  by  tht*  wa( 
Iwiii;^'  pniH|»'d  mit.  it  is  alsti  iin|>orfjiiit  tu  <h*li*riiiiue  tliiit  thf?»  fii 
pos^'d  |JijTiipin*^  oprmtioris  will  not  interfere  wiih  t^tlier  ve^tini  wat 
rights  in  the  stnmms  or  sprinp*  in  the  vicinity,  inul  thiit  tlioy  w 
not  draw  away  tlie  water  hrlon^iufjj  tu  otlier  him  led  pnjprit*tui>t  in  ti 
vicinity.  Wliere  tin*  water  is  taken  uut  riinl  nst*d  on  the  In  ml  unci 
w*hich  it  in  disc*overed.  these  ixmsiderati*»is  are  not  so  iniportiint* 
bnt  a  sinull  part  of  I  he  snpjily  ean  H*  eonsnnied  at  the  mtj^^t*  lu  sa< 
ea«es  tiie  |)erf"enta(i^<*  eonsmnetl  will  of  4'ours<.'  depend  itlKili  tli**  iititu 
of  tlie  soil,  the  kind  of  eiT*ps  grnwii,  and  (Jlher  natunil  conditions 
the  vieinity* 

Another  iiri|jortniit  eonsi deration  is  the  character  of  the  wat<*r, 
eause  injurious  srilts,  if  c^onlained  therein*  may  result  in  the  iiifi'rtiltl 
of  the  land  to  whieh  sucii  watrr  is  applied.  This  subject  ntur^t,  i 
eoni>jt%  Im>  investigated  hy  caivfnl  ainilysi^s  uf  the  wtiter  and  of  the  so 
to  be  irrigated. 

The  pitjjH^r  I'onstruction  of  tlie  plants  for  lifting  tlie  water  an 
distributing  it  t<^  tlu-  [KJints  needed  is  ei|i tally  important  and  nnpiin 
ciirefnl  ut  tent  ion  fj^an  nK*n  skille*!  iji  this  class  of  engineering. 
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A  general  study  of  the  records  of  stream  gaging  brings  to  tli 
attention  the  fact  tliat  the  degree  of  accuracy  varies  much  for  diffei 
ent  river  stations  and  sections  of  the  country.  Measurements  mad 
for  several  years  at  carefully  maintained  stations  have  been  cor 
sistent,  and  the  measured  discharges  when  plotted  have  defined  closel 
for  each  station  the  discharge  curve.  Such  records  indicate  tha 
the  laws  of  river  hydraulics  are  dehnite  and  that  inconsistencies  i 
measured  discharges  are  due  to  causes  which  can  Ix}  determined  an^ 
eliminated. 

In  contrast  with  these  stations  are  many  at  Avhich  the  j)hysical  con 
ditions  iire  just  as  good,  but  for  Avhich  the  dis(»harge  measurement: 
even  in  a  single  year,  are  glaringly  inconsistent.  For  many  such  sta 
tions,  with  j^ractically  stable  conditions  of  bed  and  banks,  as  man 
as  f\0  to  GO  meter  measurements  of  discharge  for  each  station  hav 
been  made  without  defining  the  curves  of  discharge. 

It  tluMvfore  becomes  a  matter  of  importance  to  determine  the  rea 
sons  whv  the  records  for  some  stations  are  good  and  for  other  station 
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poor.  Causes  for  such  differencas  have  generally  been  found  to  be 
either  (1)  inaccuracy  in  the  determination  of  areas,  (2)  changes  in 
the  datum  of  the  gage,  (8)  inaccuracy  in  the  detennination  of  veloc- 
ity, or  (4)  poor  conditions  at  the  gaging  station. 

Probably  the  most  frequent  source  of  error  is  in  the  determination 
of  the  area  of  cross  section  of  the  streams.  At  high  stages  of  the 
river,  particularly,  accurate  soundings  arvt  difficult  and  expensive  to 
obtain,  and  even  if  sufficient  lead  is  used  to  insure  its  position  on  the 
bed  vertically  under  the  point  of  observation,  the  bowing  of  the 
sounding  line,  due  to  the  force  of  the  moving  water,  will  frequently 
cause  errors  of  several  tenths  of  a  foot  in  the  soundings.  Errors  as 
great  as  30  per  cent  have  not  uncommonly  been  introduced  in  high- 
water  measurements  through  errors  in  the  determination  of  area. 

If  the  l)ed  and  banks  are  permanent,  the  profile  of  the  cross  section 
should  be  accurately  determined  during  a  low  stage  of  the  river, 
and  in  computing  the  results  of  all  meter  measurements  area  should 
either  be  detennined  from  this  standard  cross  section  or  be  checked 
by  comparison  with  it. 

Whenever  possible  the  station  should  l)e  so  located  that  the  condi- 
tions of  flow  will  be  permanent — ^that  is.  the  conditions  of  bank  and 
t)ed  should  be  practically  permanent,  not  only  at  the  station,  but 
within  such  limits  above  and  below  that  there  will  b^  np  appreciable 
change  in  the  relation  between  gage  height  and  discharge.  In  some 
sections  of  the  country  this  may  lie  practically  impossible,  but  in 
others  such  conditions  are  not  uncommon.  Results  of  gagings  at  such 
stations  should  always  \ye  consistent. 

If  the  beds  change  only  during  freshets  a  succession  of  cross  sec- 
tions, determined  at  the  low-water  stages  and  each  applicable  for  a 
limited  time,  can  probably  b<»,  used  to  advantage.  If  the  bed  is  con- 
stantly changing,  soundings  must  of  course  l)e  made  at  each  gaging, 
but  exceptional  care  must  be  us(h1  in  order  to  insure  even  passably 
good  results.  Particular  attention  is  here  called  to  the  fact  that  in 
order  that  the  areas  may  Ix^  readily  checked  by  comparison  with 
others  the  total  area  of  botli  still  and  moving  water  nuist  l>e  included. 

Next  to  erroi's  in  determination  of  area  are  those  due  to  changes  in 
the  datum  of  the  gage.  A  score  of  cases  can  lx»  easily  (*ited  where 
several  years'  records  have  been  rendered  almost  worthless  by  care- 
lessness in  maintaining  a  constant  datum.  Frequent  checking  of  the 
gage  with  a  permanent  bench  and  an  exact  and  detailed  record  of  just 
what  and  when  changes  have  been  made  is  absolutely  essential  to  gocxl 
results. 

Inaccuracies  in  the  determination  of  velocity  may  be  divided  itkU 
two  classes,  (1)  those  that  are  due  simply  to  erroneous  oh^u  vatioiiT 
and  which  are  as  likely  to  be  positive  as  negative  and  are  t  oiistMiiimll 
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compensating,  and  (2)  those  due  to  defects  in  the  meter  or  its  rating, 
which  may  persist  through  many  measurements.  These  latter  are  bj 
far  the  more  important  and  should  receive  consideration.  They  are 
due  to  either  original  inaccurate  rating  of  the  meter  or  to  injury  of 
the  meter  after  rating,  usually  the  latter.  In  order  that  these  errors 
may  be  reduced  to  a  minimum,  care  should  be  exercised  that  the  meter 
receives  no  blows,  is  properly  adjusted,  and  that  the  pivot  point  is 
protected  and  oiled.  Results  should  occasionally  be  compared  with 
tliose  obtained  by  another  meter.  If  at  any  time  the  mean  velocities 
when  platted  throw  suspicion  on  the  meter,  it  should  either  be  rerated, 
or  compared  directly  with  another  meter.  If  the  instrument  must  be 
used  after'  injury  or  when  in  poor  condition,  it  should  be  rated  before 
repui:^  id  the  rating  table  so  obtained  applied  to  previous  measure- 
ments. 

A' large  Price  meter  should  .lot  be  used  when  the  velocity  of  the 
current  is  \&s»  than  1  foot  per  second,  nor  a  small  Price  when  the 
velocity  of  the  current  is  less  than  0.05  foot  per  second. 

It  is  worth  noting  also  that  at  many  stations  wnere  conditions  are 
permanent,  as  outlined  above,  the  growth  of  grass  in  the  stream  at 
the  gaging  station  may  decrease  the  flow  as  much  as  25  per  cent  from 
the  normal,  and  this  one  fact  would  doubtless  explain  why  many 
current-meter  measurements  do  not  plat  well  on  the  curve.  Sudi 
conditions  should  be  noted  in  all  cases. 

At  gaging  stations  where  conditions  are  pennanent,  therefore,  the 
rating  curve  may  be  constructed  from  measurements  made  in  several 
years,  and  should  be  good  for  all  time.  As  a  result  of  this  investiga- 
tion the  writer  has  come  to  iK^lieve  that  if  more  time  had  been 
expended  in  maintaining  the  station,  in  making,  computing,  and 
eluH»king  each  measurement,  l)etter  estimates  could  have  been  made  at 
a  snuiller  ultimate  cost.  In  other  words,  the  careless  and  hastily 
made  meter  measurement  is  believed  to  Ik».  more  expensive  in  the  end. 
It  is  therefore  suggested  that  after  a  meter  measurement  of  flow  has 
been  made  and  computed  it  should  l)e  tested  by  the  man  who  made 
xhv.  measurement  U^fore  the  results  are  transmitted,  by  platting  the 
computed  disc*harge,  area,  and  mean  velcKnty,  and  by  comparing  tht^se 
platted  results  with  others  obtained  at  the  same  station.  If  disi'.rep- 
aneics  are  found,  the  causes  should  if  possil)le  be  at  once  located.  An 
early  study  of  each  measurement  will  insure  that  mistakes  in  area  and 
datum  of  gage  shall  not  be  carried  forward  indefinitely  and  that  rea- 
sons for  erratic  data  shall  l)e  determined  if  possible.  If  a  few  months 
or  years  elapse  Iwfore  any  study  of  these  errors  is  made  the  results 
nnist  generally  remain  uncorrected  and  frequently  will  l)e  much  in 
error.  It  is  g(x>d  business  to  spend  a  few  dollars  in  carefully  check- 
ing and  rei>orting  records  which  cost  many  more  dollars  to  collect. 


NEWEU^l  t>APERS   READ   AT   TlIK   OONFKRKNOIU  TR 

RIO  <;kani>k  i»RtMi-xn\ 

By  a  M.  Hau. 

The  writer  prepare<l  and  read  at  the  Kl  Pasi>  Irri^tion  iVnjmvw 
a  paper  on  *^  Plans  for  irri^tion  of  the  Kio  (fraiido  Valloy/*  xvhioh 
has  l)een  published  in  full  in  the  Thinl  Annual  Ke|M>rt  of  the  Kivla- 
mation  Service.  As  a  supplement  to  that  pa]HT  it  has  Uvn  thought 
de.sirable  to  epitomize  the  uniciue  <H>nditi()ns  and  engineering]:  faefs 
brought  out  by  it  and  some  of  the  rivsults  that  wouhl  naturally  follow 
from  the  completion  of  the  Kn^le  dam  and  the  irri^itifm  of  IS(MHH) 
acres  in  New  Mexico,  Texas,  and  Mexi<»o. 

WATKR    SIT1»1»LY. 

Engle,  N.  Mex.,  is  alK)ut  100  miles  up  the  river  above  Kl  Pano, 
Tex.,  and  the  annual  dischar/[i:e  of  the  river  is  nnich  larp'r  a(  (he 
upper  station  than  at  the  lower  station,  as  shown  by  (he  followinK 
table,  which  gives  the  dis(»harge  at  each  point  in  acrc-fi'd.: 


DiHchnrge  uf  Hio  (Jnuidr. 


Year. 


I>lMr|iiirK<Hit  liiwhunfMiit- 
HttiiMHnlMl.  ••Tlj»t'iiiw.*' 
ftUivif  KuifU^.  Wmrn  Kl  I'mmt. 


1897 

1898 

1899 

1900 

19(H 

1902 

1903 

1904 

Total  for  ei^ht  y*:ar- 
Average  per  year 


Afff  /*-*'t. 

At  ff  ffrl. 

i   2,  *^*4rf.  '^17  ' 

I.Jl74,74ft 

WVi,«77 

Mit/4itH 

t';Mi,H;j5  . 

73,  VU5 

48i,;rM 

\m,Vp\ 

fpr^i.rti 

:'Aii,unh 

'^fi).  7^s 

rn,  7^>? 

l.^7li.W^ 

\.im,M\ 

*>*A^m 

\;y,.\\\ 

K  rv/,,  ^'A 

i.^jrrfft". 

"iJ//^^ 

V4f,  >77 

The?«  figufp^  •ho'.^'  th/it  if.  i\*rf.,u'j  from  r^nu  \\ai*',a\  to  K)   I'h-o 
the  ri%'er  HiffiT-  at.  a.^r^'j*-  •%:.'..   a',  ■'/-    of  ;,'»>»/ ^  /•'?<   f'*r  or  ttiof* 
than  37  per  cfM  of  >-  v.  ^'^r.  oy  ,rf.:.'^^o^.  <     ij/^/f.irof.    ,»/.')  (^rf//// 
lation. 

The  rwonlr  al-//  -f.o  •    f',r  r-;*:.   M-»r'.^i   ^   ::,,!,ittt>»fh  ;if,fi»>^l  d*- 
charge  of  'Jf^fJT-^F  a-  r—  f-^  '    * '.  :    4    ;. .-« -r . ::.  . u.   ^  r. r ;  ■ . ^  I    'J .  •/  h/i  f  ^f  t,i 
2i^>if-^7  a*T^'f**rf ,   T -...-'  •;,.>»-   f'.;    K,    J'<  /,    -.y,  .     4      f.,;    yr'-*^/f   'f.  ■ 
crepaiTT  J#fw**r.  *:.-  ;.  .,,.    4;  ;  ';."  ;.  ^  '  v.  .'.   ffo  •        /;.  ',t\*t. 

then.  Urgtt  a  "ir^.J/rr..  i:,;.  .^.  "•;';'•'    '''♦*  -^'^  *   •'   '''^  ^''^  ^ffv^it 
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tiojit  the  rt*wrroir  nt  FAigh  imist  In^  v(*ry  large  iimi  must  jiiia««^nt 
Mu  fan^  for  evuiMimliou  that  is  as  stiiall  a^  jKissilile,  th^  pVAfMiititk 

Ih'IM^  si.  8  iiH'JH'^  |>t'r  HI  1 1  mm  in  ihni  dry  atrnttsplH'iv.  Tt  lyiiri  tih 
Imeu  tkniumsivnU'i]  Uy  a  long  Ht^ries  uf  tostn  lliat  tlie  auiuiuit  uf  4 
<*arrii*<i  in  >ins|jt*nsjun  l>y  the  water  of  thiJi  river  ii*  phendnmnnit.iiin 
iwiffunoNt  tu  prcitjucn*  n  drposif  uf  solitl  innd  that  is  LK  [x*r  fv^it  h\ 
vohniu^  of  tin-  total  diwhar^*  nf  tlm  i'i\vi\  Tho  ras*.*rvfiir  site*  ur 
Elejiliaiil  Htiltc,  lu^ar  Kn^ks  hat*  bctni  rhoj**n  ^Yith  re  fore  not?  la  thcw 
I'ondititais.  Tftt*  jn'iipnsud  i't*si*rvnir  will  l»t*  l"^i^*  rinri-ow,  antl  d(H*j>, 
having  a  niaxinujni  depth  of  I7rj  ft*et,  a  lengtli  4»f  ovc*r  U\  nnle>«  aad 
n  st o  1 11  gi*  V n \mi't iy  o f  '20^ ^( M f ( )  a c n ^ -  f it^t *  S i x t y  pe r  t*o n t  c> f  1 1 s  ca pad 
ity  will  hold  all  tlu*  mml  that  nm  t-orne  tlnwn  tlit^  ri^er  ifi  eighty 
years,  hnt  its  dee|*,  narriiw  form  w*ill  jnvsi^nt  ideal  ennditiuiis  fof 
sluicing  nut  this  nmd  a^^  opporttinity  piTsiuilfi  itself*  advantage  lM?iiif 
taken  at  times  of  an  em]>ty  n'servoir  and  a  iUnn]  in  tlie  rivi*r,  or* 
supply  ot  water  fnini  a  storage  dam  ahovu  conslrncted  fur  the  pur- 
pt>s**. 

rJONWTUtTf-l*lOK    FRATtlirEfl. 

At  the  dam  i^ite  the  U^d  rork  in  Wh  fin^t  helnw  tlio  present  river  ln^l 

and  the  pn^pf>sed  dam  will  Ik*  ^r*"?  fi^^t  high  fnan  f>eil  rtK'k  Ut  crest. 
The  erest  will  Ih^  15  ftn^t  above  the  h^vel  of  the  spillway.  A  gsip  Ij 
miles  west  of  the  dam  site  forms  u  natural  spillway  at  the  propx^ 
level,  Init  this  ga|>  is  in  soft  materinl  and  will  rer|nirr  utas<airy  and  ' 
riprnp.  The  U^d  roek  is  tirni  srindstonc.  difvjniig  Ufjstn^am,  anrl  it 
outcrops  on  both  sides  of  the  river  to  a  heiglit  far  above  the  crest 
level.  The  dam  is  to  be  of  cyclopean  concrete.  There  is  an  unlim- 
ited quantity  of  hard,  tough,  heavy  traj)  rock  near  at  hand  that  will 
Ih?  excellent  for  the  broken  stone  and  large  bow  Iders  necessary  in  the 
structure. 

In  drawing  out  the  water  for  irrigation  it  can  pass  through  water 
wheels  and  produce  an  immense  amount  of  powci".  The  main  irriga- 
tion canals  will  also  have  drops  m  them  that  can  be  utilized  for 
power.  The  soil  in  which  the  canals  will  be  excavated  is  tight  and 
the  silt  from  the  river  will  make  them  practically  impervious. 

It  is  estinnited  that  the  dam,  the  spillway,  the  various  diversion 
dams,  and  the  necessary  system  of  canals  will  cost  $7,200,000,  or  $40 
per  acre  for  the  land  irrigated. 

The  surveys  and  tests  made  by  Prof.  Charles  S.  Slichter  at  ''The 
Pass,-'  a  narrow  gorge  just  above  El  Paso,  wlu^re  the  bed  rock  is  90 
feet  below^  the  river  bed,  show  that  there  is  practically  no  underflow  at 
that  point,  and  demonstrate  that  there  is  no  necessity  of  going  to  l>ed 
rock  with  low  diversion  dams  to  prevent  underflow.  Professor 
Slichter's  work  also  shows  that  submi^rged  dams  from  l>ed  rock  to 
river  bed,  which  have  been  often  projwsed  on  this  river  in  order  to 
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bring  up  the  supposed  underflow,  would  be  of  no  use,  as  there  is  prac- 
tically no  underflow  to  bring  up.    At  ordinary  stages  of  river  there 
is  very  iittle  percolation,  except  at  points  \vhere  the  understratum  of 
silt  haa>been  recently  eroded  by  floods  or  the  river  has  taken  a  new ' 
channdhEti  : 

>»^*  '  IRRIGABLE   LANDS. 

The  MMOO  acres  of  land  to  be  irrigated  are  in  a  long,  narrow  val- 
ley, and  the  return  water  from  the  irrigation  of  the  upper  valley 
can  be  rediverted  on  lands  lower  down  the  valley.  This  feature,  and 
other  favorable  conditions,  coupled  with  the  fact  that  the  whole  area 
to  be  irrigated  has  an  average  annual  rainfall  of  9.3  inches,  make  it 
entirely  safe  to  estimate  on  a  duty  of  HJ  acre-feet  per  acre  at  the 
outlet  of  the  reservoir.  In  other  words,  it  is  considered  safe  to  esti- 
mate that  ()00,000  acre-feet  per  annum  drawn  from  the  reservoir  will 
irrigate  180,000  acres  of  land.  This  estimate  is  on  average  crops, 
including  alfalfa,  orchards,  corn,  grain,  vegetables,  etc. 

Under  present  conditions  the  river  bed  is  often  dry  from  four  to 
six  months  in  a  year,  while  disastrous  floods  come  at  other  times.  It 
is  expected  that  the  Engle  Dam  and  the  proposed  irrigation  will 
change  these  conditions  for  the  better.  The  storage  dam  will  hold 
back  all  the  floods  and  distribute  them  over  the  irrigation  period  of 
ten  months.  The  water  will  be  let  out  as  needed  and  there  will- be 
no  more  disastrous  floods  l)elow  the  dam.  The  river  bed  will  never 
l)e  dry  at  any  time  of  year,  as  the  return  water  from  such  a  large 
irrigated  area  will  form  constant  springs  along  the  whole  course  of 
the  river.  Lastly,  the  supply  of  ground  water  for  pumping  will  be 
greater  and  more  constant  than  it  now  is,  as  the  water  entering  the 
ground  from  the  irrigated  lands  will  form  a  constant  source  of 
supply. 

The  valley  of  the  Kio  (irando  is  remarkably  fertile.  The  section 
under  consid(Tation  is  from  8,r)0()  to  4,000  fw»t  alH)ve  sea  level,  and 
the  climate  is  healthy  and  delightful.  The  crop  s(»ason  is  long,  and 
the  whole  region  is  tributary  to  Kl  Paso,  with  its  numerous  railroads, 
thus  insuring  a  g(K)d  market  for  all  products. 

INTERSTATE    AND    INTEKXATIOXAL   QIESTTOXS. 

This  project  is  peculiarly  interesting,  not  only  lx»cause  it  will  irri- 
gate so  large  an  area  of  valuable  land,  but  because  it  will  supply 
water  to  settle  an  interstate  question  between  New  Mexico  and  Texas, 
and  an  international  question  lH»tw(»en  the  United  States  and  the 
Republic  of  Mexico. 

In  making  the  plans  for  this  Rio  (Irande  project  the  engineers  of 
the  Reclamation  Service  have  recognized  the  existence  of  these  inter- 
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stnU*  and  iiitpriitLtintial  f|iH'stiuns,  and  have  pmvided  u.s  much  wi 
for  ihc  VA   Past)  VallfV  in  Toxjis  and  Mt^xiro  a.s  ivmilc!   have  tx 
^^ltpJllRHl  by  the  propiJ^^d  iiitt^rjiational  dam  at   El    P«so,  but  tliq 
have  not  stated  Imw  this  El  Vm^  Vallt^y  water  *^!ioiilcl   be  diric 

hetwe'on  Tt^xrts  in  id  M!*xi(*n*  ricithi^r  liavo  they  cxpr<*Hs*Hl   nny  (»piii- 
un\H  lis  tu  th*^  snven^ipi  ri^lils  (tf  tht*  TiTritory  of  New  Maxidci, 
State  uf  Texas^,  or  Uh'  Ri*piddit^  of  Mexico, 


K 


Bv  G*  A,  Hammond, 


After  a  nx'onnaisHiuKH'  hns  Imh^ii  miidt*  and  (lie  feasibilitj  uf  ll 
project  dctei*niined,  it  is  nec<5ssary  to  Iwok  into  the  matter  of  suital 
foinidaiiiuis  for  the  prnjxistnl  ilarii;  oi\  in  the  m-^':  of  a  natnral  n^ 
yoir,  to  a  certain  whetlicr  it>?  bottom  w  ill  hohl  ^yater,  For  thb  pB 
pos*:'!  the  dianioiKt  drill  is  emjdnvcd, 

Tho  tirill  irjun  UMially  finds  that  he  has  nrrived  before  the  riia<I 
niakers*  la  thi^  ease  provision  must  be  made  for  lutuHii^  the  drill., 
to  th«  i«it**.  of  (»peratioih  In  sc^ne  vn^ys  a  hand  drill  may  U*  Imiu 
ported  on  pnek  njdiiiaU  to  the  regervoir  mte  and  lowered  over  the  elil 
to  the  rivet  1h*1uw, 

It  15*  ai^rt  netn*s.Hary  to  ascertain  whether  the  water  is  fit  for  Un ler 
If  it  i*i  fotind  to  1h^  of  itimhI  qnality,  thr  tj  nest  ion  of  fu<*l  is  next  to 
considered.  It  Inis  Ihto  tlie  experii*nee  of  the  writx^r  that  gimd  watCT^ 
and  fnel  are  seldom  found  together.  When  salty  water  h  foun4 
and  the  contemplated  boring  are  not  too  extensive,  hand  drills  are 
employed,  water  being  used  oidy  for  washin<T:  the  material  out  of  the 
bore  holes.  The  motive  power  is  obtained  by  hand  cranks.  In  hand 
drilling  progress  is  slower  than  where  steam  is  employed,  but  when 
the  cost  of  fuel  and  the  hauling  of  water  long  distances  are  consid- 
ered it  may  be  found  cheaper. 

On  most  projects  hand  drills  have  been  used,  since,  owing  to  their 
light  weight,  freight  charges  are  saved  in  railroad  shipments.  In 
some  localities  it  has  been  found  impracticable  to  use  steam  drills  on 
account  of  the  bad  water  for  boilers,  and  the  scarcity  of  fuel. 

In  one  instance  the  work  was  started  with  hand-power  drills,  but 
encountering  granite  bowlders  20  feet  thick,  which  were  too  hard  and 
large  for  hand  work,  a  steam  drill  was  employed  to  drill  and  ream 
the  bowlders  so  that  the  casing  could  be  put  through  and  driven  to 
bed  rock.  In  another  instance  the  project  was  12  miles  from  water, 
and  much  farther  from  fuel,  so  that  the  use  of  steam  drills  was 
impossible. 

Diamond  drills  are  now  used  extensively  in  all  parts  of  the  world. 
The  idea  was  brought  out  in  the  year  18C>3  by  a  French  engineer,  who 
built  and  operated  the  first  drill  and  introduced  the  carbon  to  the 
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V  professional  world.  Carbons  are  found  in  Brazil.  Borts  also  are 
37  found  in  Brazil  and  in  South  Africa.  Borts  are  used  in  soft  rock, 
«r  but  they  are  not  of  proper  structure  for  hard  rock,  as  they  have  a 
if  cleavage  plane  which  is  not  found  in  the  carbon.  The  cost  of  bort  is 
f    about  one-fourth  that  of  carbon. 

^  In  commencing  drilling  operations,  efforts  are  made  to  equip  all 
the  parties  with  casing  and  rods  of  standard  size,  so  that  if  w<?rk 
should  not  progress  satisfactorily  on  any  project,  owing  to  sonic 
unforeseen  contingency,  sucli  as  encountering  of  harder  material  or 
finding  the  depth  to  rock  l)eing  greater  than  anticipated,  part  of 
another  outfit  could  Ix^  sent  in  and  used  with  the  one  already  on  the 
project,  and  in  that  way  a  saving  in  freight  charges  effected  by  not 
having  to  ship  a  complete  outfit. 

The  Service  equipment  has  not  yet  l)een  entirely  standardized, 
owing  to  the  fact  that  many  of  the  appliances  are  comi)aratively  new 
and  valuable;  but  as  the  objectionable  material  wears  out  it  will  be 
replaced  by  standard  equipment.  For  the  work  now  in  hand,  the 
standard  drill  will  consist  of  2^-inch  extra  heavy  flush-joint  casing, 
l|-inch  drill  rod,  and  2T^-inch  diamond  bit.  The  large  bit  is  found 
to  be  more  satisfactory  in  the  rock  encountered  in  the  lava  country. 

A  wooden  derrick  is  employed,  which  can  be  trailed  behind  a 
wagon ;  this  can  l)e  taken  down,  moved,  and  set  up  ready  for  work  in 
a  few  minute^s.  S'\x  or  eight  hours  would  be  required  to  make  the 
same  move  with  a  steam  drill.  After  the  derrick  is  set  up  cm  the 
plank  foundation  and  guide  for  casing,  the  casing  is  lowered  through 
(he  hole  in  the  plank,  and  the  rod  is  put  in  the  casing  with  a  steel 
X  or  cross  bit  on  the  bottom.  Two  men  take  hold  of  the  rope,  which 
pass(»s  through  a  pulley  at  the  top  of  tlie  derrick  and  is  hooked  in  a 
water  swivel  screwed  in  the  top  of  the  rod,  aiul  pull  until  the  rod 
is  raised  the  distance  refjiiired  by  hardness  of  material :  the  rod  is 
then  let  fall  and  the  bit  cuts  the  (»arth.  The  rods  are  hollow,  and 
water  is  forced  through  thoni  by  means  of  a  hand  pump  and  a  hose 
attached  to  the  water  swivel.  The  earth  which  has  l)i»en  lcK)s<»neiI  by 
the  bit  is  thus  forced  up  and  out  over  the  top  of  the  casing.  The 
foreman  then  clamps  a  pair  of  tongs  to  the  casing  and  by  slowly 
moving  it  back  and  forth  the  casing  cuts  the  side  of  the  bank  and 
follows  the  bit  down. 

If  a  bowlder  isencounteredjoose  material  is  forced  out  by  the  pump, 
the  rods  are  withdrawn,  and  a  piece  of  dynamite  with  exploder 
attached  is  lowered  by  wire  to  the  bowlder,  the  casing  is  j^ulled  2  or  8 
feet,  and  the  dynartiite  is  exploded  by  battery. 

When  rock  is  found,  the  drill  is  set  over  the  casing,  a  diamond  bit 
is  lowered  to  the  bottom,  rods  are  connected  to  the  drill,  and  boring 
is  commenced. 


I 
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Prior  tu  Matvh  L  VMl\,  somt'  iiuiclun*'s  wcrv  t^riuipp*Hl  with  slei 
pljii*  HEM  I  litmvv  H'cJii  finnnutTs,  tfjt*  luHhmJ  oinpU>y*»d  Iwiiig  to  Co 
the  pijH^  i>y  drivinir.  Tlit*  ivsult  in  ha nl  inattTiuI  wus  v^rv  dis^stP 
to  till*  fii|H%  iiiid  s-^tMi'nil  ht^ur.s  \\vi\*  ri*4jini't»il  t(»  pull  for  blasting 
to  pull  out  when  the  bciriiign  wuiv  linishtHl,  By  xmng  fliiBh-ju 
criKtnjG:  niul  powdrr,  [tro^rrss  is  niiich  nnnv  nip  id,  nnd  tlic  cadiig  ( 
ln^  pnll*'<l  11  m  very  short  tinu-. 

In  the  drilling  depart nirnt  urc  four  ^teum  drills  and  six  hninl  dri 
wliidi  will  \h>  t*in pi t»yt*d  vvhon  t**  ndvanta^t-  in  the  work.  Tlie  fo 
men  iire  pro  v  if  led  witli  blank  fi»rnis  id  daily  and  inoiithly  n*j)o 
\vhit*h  thej^  are  re<jnired  (u  make  out  luid  siMid  to  tlw  wu]H*ri!i(eiui( 
of  boring  at  Salt  Ijuke  City.  Fn  tliat  way  a  very  dose  watdi 
ke|>t  on  the  work,  ii\u\  by  referring  (o  the  <hiily  re[*ort^  the  su]mj^ 
temlent  can  at  any  time  tell  wh€*re  hi.H  pin^s^ence  in  moBt  netMifKl 

Parties  an*  nuuie  up,  when  eonvenient,  of  a  foreman  who  nni 
sI^iikIh  ihi'  driving  of  rasing  and  tlie  Inuullin^  of  n  diamciod  dr 
Foremen  reeeii^e  from  *?K1  to  $100  per  month*  The  diamond  fc 
an*  set  l>y  llie  j^njjerintiaident  on  his  regular  visits.  On  pnijiH.*ls  win 
the  roek  i  ^  vpvy  hani  or  whein-  more  than  one  drill  is  in  nne,  a  diaiug 
i^etti^r  is  i^nployed  as  ddef  fif  party,  at  $150  per  niontlu 
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MEAN-VKIXJCIIT:^  A^SJ}  AREA  CUim^:s. 
By  F.  W,  Hakna. 

IMCTCJRS   OF   STREAM    DISCUARCE, 


J 


Jna.snindi  as  the  discharge  of  any  river  is  the  prodnct  of  the  cnj 
seetional  area  and  mean  velocity  for  that  stage,  the  most  conveni< 
and  h)gical  place  to  seek  for  guidance  in  tlie  construction  of  a  d 
diarge  curve  is  in  these  rehited  functions.  It  is  easier  to  foil 
changes  in  these  variables  individually  than  as  product.  Any  stn< 
therefore,  that  will  throw  light  u|)on  the  nature  of  either  of  tli 
functions  will  give  valuable  knowledge  as  to  the  location  and  nati 
of  the  discharge  curve.  By  plotting  for  varying  stages  of  water  I 
discharges,  mean  velocities,  and  areas  for  any  river  cross  st»cti(m 
abscissa'  and  the  coiresponding  gage  heights  as  ordinates  a  gene 
curvilinear  relation  between  any  one  of  these  functicms  and  the  gi 
height  can  be  s<'en  to  exist.  Moreover,  where  conditions  of  curvatn 
slope,  cross  section,  and  bed  are  similar  foi-  the  same  or  diffen 
streams,  an  eqnal  resend)lance  is  noted  in  all  of  the  above  like  cnr\ 
This  concomitant  similitude  of  channel  and  curves  indicates  clea: 
the  source  for  investigation,  but  it  also  indicates  the  impossibility 
deriving  an  exact,  and  at  the  same  time  general,  equational  law. 
the  four  determining  elements — (1)  channel  curvature,  (2)  chani 
bed,  (3)  channel  slope,  and  (4)  channel  cross  section — the  probl 
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>f  curvature  effect  may  be  omitted,  as  all  gaging  stations  should  be 
yo  located  as  to  eliminate  this  element.  Of  the  remaining  three  ele- 
Tients  the  area  is  affected  only  by  the  latter,  while  the  velocity,  and 
xinsequently  the  discharge,  are  affected  by  all  of  them. 

CROSS-SECTION    AREA    Cl'RVES. 

In  order  to  find  some  approximate  law  governing  the  area  curve  it 
svill  be  necessary  to  make  some  assumption  as  to  the  character  of  the 
::ross-section  curve  of  the  stream.  To  meet  this  necessity,  in  order  to 
be  strictly  accurate,  it  should  be  assumed  that  the  profile  of  any 
stream  cross  section  consists  of  a  s(»ries  of  arcs  of  parabolas  whose 
axes  are  vertical.  As  the  arcs  may  be  taken  long  or  short,  and  as 
each  parabola  may  have  a  different  parameter  or  may  be  convex  out- 
ward or  inward,  and  as  a  straight  line  is  a  limiting  condition  of  a 
parabolic  arc,  the  above  statement,  while  having  the  quality  of  being 
very  general  and  comprehensive,  has  the  merit  also  of  being  capable 
of  very  close  approximation  to  the  actual  conditions.  From  this 
principle  the  degree,  variability  of  degree,  and  direction  of  the  area 
function  may  \ye  developed.  However,  the  results  are  very  compli- 
cated, and  as  the  intention  of  the  fonnula*  here  developed  is  for  the 
purpose  of  showing  the  impracticability  of  using  them,  rather  than 
suggesting  them  for  use,  less  elaborate  and  at  the  same  time  just  as 
useful  information  may  l)e  obtained  by  assuming  the  profile  of  the 
river  cross  section  to  lx»  composed  of  a  series  of  short  straight  lines. 
Under  this  assumption  the  cross-s(»ctional  area  will  Ih»  made  up  of  a 
s(»ries  of  rectangles  and  trapezoids,  promiscuously  place^l  one  on  top 
of  the  other.  Since  the  Icngtlis  of  tlic  straiglit  lines  may  be  assumed 
to  l^e  very  short,  no  very  great  error  will  be  involved  in  foiniuhe  basinl 
on  this  rectilinear  assumption. 

If  r  represents  the  area  below  the  base  of  any  one  of  the  cross- 
sectional  trapezoids,  //  the  width  of  its  base,  ^  and  (p  the  comple- 
ments of  the  slopes  of  its  sides,  ./•  its  varying  area,  //  the  height  of 
water  alxn'e  its  base,  and  .1,1  (tan  ^  -|-  tan  (p),  then  it  may  1k^  shown 
by  calculus  that  the  area  epilations  for  the  rectangular,  trajwzoidal, 
and  complex  channel  an»,  respectively: 

1.  x=Jh/. 

2.  .r=Air-{-/i!/. 

3.  ^=:l(tan  /^-f  tan  r/>)  //^'-f  %-f  C. 

In  the.se  equations  .1,  B,  and  ('  are  all  positive  quantities  (exclud- 
ing cases  of  overhanging  banks)  from  the  impos(»d  conditions  in  the 
hypothesis.  £^C,  6^  and  cp  are,  however,  perio<lical  variables  in  the 
third  equation,  changing  for  each  trapezoid.  An  examination  into 
these  equations  reveals  the  following  facts :  First,  that  when  a  channel 
nut  146—05  M « 
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is  iH?rfi?etly  ret^tangiiljir  the  iin^a  rurve  is4  a  Htmi^lit  lim*;  ¥«?ttij 
that  when  a  ihaiuiel  it>  purfeotly  tmju^^oidal  the  nnm  rur\<*  is  n  j; 
ohi  wilh  a  horizontal  axis  extviulin*^  to  tlir  right:  thinl,  thiit  win 
r 1 1 H n n el  is  a  p Vi nm sc n o 1 1 s  ser ies  of  vvv lii 1 1 gU^s  and  \ a r v in^  i  ra jk*zo i 
the  area  rurvi*  ponsist^  of  a  series  of  punilHilie  arcs  with  varri 
parameliji's  and  with  horizontal  axew,  whith  <'Xten*I  to  tlie  ri^ht.eJEci 
that  wlien  tlie  expresssiori  (tan  ^  +  tnn  */j)  InH-omes  negativi"  from 
overhanging  hank  or  hauler  the  direction  of  the  axis  is  rvvi^rsecL  ■ 
an  nveriianging  hardv  is  a  rare  (K*currenec,  the  eoTtditiiHi  \vi!f 
exehided  from  the  disenssiun  hei'eafter  anil  the  exiM-estsion  (tan  ^^ 
tan  1^)  win,  therefore,  Ik*  jKisitive, 

By  diifereTitiating  thr  nrvn  <*q nations  t,  ^,  and  H  with  it'sjK? 
j:  aud  t/  as  variahles,  tliere  resnU  tlie  following  expre^ioiiii: 

1 

(U    (tail  ^-ftaii  ^i)i/+B 

In  thesi*  ditferential  txjuatioiis    '-  is  tlie  tjingi'iit  of  I  he  an^jflr  If 

any  tangent  to  the  an*a  enrve  makes  wilh  the  iP-axis.  Now,  sin 
(Ixy-dy  always,  this  tangent  nntst  always  make  an  acnte  angle  wii 
this  axis.  Assuming  that  the  gage  inen*nitMits  are  all  taken  efjnah 
the  area  increment  receives  any  snilden  inert*asi.^  in  value,  as  it  won 
where  there  is  a  sndden  decrease  in  tht-  slopi:  of  the  hanks,  the  tangei 

-^  bec^ome?)  suddenly  smaller,  rind  tlierc  is  a  corresiKUiding  change 

the  direction  of  the  curve  to  the  right.  If  this  increase  is  duo  to 
horizontal  line  the  change  in  the  curve  is  a  sharp  angle,  if  to 
gradually  sloping  line  the  angle  will  he  rounded  off.  Again,  if  tl 
area  has  heen  increasing  rapidly,  caus(*d  hy  one  or  hoth  hanks  becoi 
ing  more  nearly  perpendicular,  the  degree  of  curvature  w^ill  sudden 
he  decreased  and  the  curve  will  become  flatter.     If  at  any  place 

becomes  constant  ai 


fi-      7=. 


<h/ 


the  curve  the  banks  become  perpend iculai-,    , 

the  curve  proceeds  on  a  straight  line. 

By  differentiating  equations  4  to  0  and  multiplying  by  x  there  a 
obtained  the  following  relations: 


8. 


(iy* 

-j-^x=2  Ax. 
(Px 


•^-     ^1^3  x=  {inn  ^+tan  cp)  x. 
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Now,  by  the  theory  of  curvature,  when  the   expression  j-j  « 

is  positive  the  curve  is  convex  toward  the  ^-axis.  Inspection  of 
liquations  7  to  9  shows  that  this  expression  is  in  every  case  i>ositive, 
whence  the  area  curve  is  always  convex  toward  the  y-axis,  and, 
therefore,  always  concave  toward  the  a?-axis. 

From  the  above  deduction  the  following  facts  concerning  the  area 
curve  must  logically  be  inferred :  The  construction  of  any  area  curve 
must  be  preceded  by  a  careful  study  of  a  complete  profile  of  the  river 
cross  section.  If  the  cross  section  is  perfectly  rectangular  or  trape- 
zoidal the  area  curve  may  he  drawn  by  plotting  a  few  salient  points 
nnd  by  drawing  through  them  a  straight  line  or  a  parabola,  as  the 
case  demands.  However,  if  the  channel  is  irregular,  varying  from 
one  form  to  the  other,  as  is  almost  invariably  the  case  at  all  gaging 
stations,  the  construction  of  a  reliable  area  curve  can  be  made  only  by 
cromputing  from  the  elevations  of  the  cross-section  profile  the  area 
for  numerous  heights  of  gage  throughout  its  range  of  variation, 
]>lotting  these  results  and  drawing  through  them  the  resulting  curve. 

MEAN-VELOCITY   CURVES. 

The  matter  of  determining  the  nature  of  the  mean-velocity  curve  is 
not  an  easy  task.  The  fact  that  so  many  varying  and  doubtful  ele- 
ments, such  as  roughness  of  l)ed,  slope,  area  of  cross  section,  and 
wette<l  perimeter,  enter  into  its  composition  makes  it  to  a  large  degree 
indeterminate.  The  Chezy  formula,  T'=c\/rs, with  Kutter's  value  for 
<\  is  probably  the  l)est  formula  from  which  to  obtain  information. 

I^et  this  formula  Iw  written  in  the  followinij  manner:  r^=rV^  whore 

w  is  the  cross-section  area  and  p  its  wotted  porimotor.  Now,  by  sub- 
stituting the  values  of  ,e  from  ocjuations  1,  2,  and  H  in  this  expression, 
th»re  result  the  following  ecjnations^of  the  moan- velocity  curve  for  the 
re-p?ctive  conditions  of  cross  section  represented  by  the  value  of  x 
substituted: 

10.      V'=ris  ^'A 
P 

P 

P 

It  s  he  considered  constant,  which  it  is  for  uniform  channel  cross 
section  and  permanence  of  flow;  if  c  he  considered  constant,  which 
is  practically  the  case  where  changes  in  gage  height  do  not  cause 


r 
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incniiiHO  of  runghimsH  of  \m}  mid  whc*ro  tlu'n*  is  pt*rmarii*iK^*  of  fl^i 
iirid  if  the  increase  in  p  tM?  consitU^red  nogligible,  whirh  may 
tiMHunu*d  with  littk*  error  for  stuhII  rises  in  N\vidc\  steep -banked  sirt 

of  utiiforin  ilt'ptlu  tlu^i  iMjitatitm  10  is  ti  piii'alnihi  witli  its  g 
vertinal,  eqUHtioii  H  is  a  hyperlx*lii  with  u  rertical  axis,  equation 
represiHit.s  m  serit's  of  hy[H*rhtjliis  witfi  varying  ecreoirTt'itii's  and  u 
ally  witlr  vt*rlifal  axes,  but  the  axes  of  whidi  are  hori/.tuitaT  wi 
B'^—^2  (tHii  f^-^tnn  qj)  C  is  iiegati%T,  This  is  e^iuivtderit  to  Trying  t 
when  the  area  inflow  any  tra|H^zoi{|  base,  nndlipUed  l>y  twie»i*  the  s 
(jf  tile  tangents  tif  tlie  angk^s  that  (he  hanks  make  with  the  vertii 
iH  gn^ater  than  the  s<|uare  of  the  Imne  of  that  trapi^zoid  the  curvt 
reverwd  tuifl  the  axis  of  the  hy|K^ii>ohi  is  hori>sontiiL  Owing  to 
pni[ji*ilii^s  of  thi*s<^  eurves  and  tlu*  di  reft  ion  of  llieir  axes,  if  f\  h^  n 
p  Ih'  regarded  aw  cornet anl^i,  it  may  lie  t^xpeeted  that  the  mean-vcloc 
curve  will  always  In*  I'ooenve  Inwurtl  the  T'-axis  wlien  the  ehantiel 
reel  angular  or  trupe/AiitlaL  and  will  t>v  will  uut  \k*  tso  when  the  chan 
eonsisil*s  of  a  series  of  lraiK*2oids,  accordingly  as  B^—2  (tan  ^  +  tati  ^ 
is  positive  or  negative. 

ICvideatly  tliesi^  j)andKj)as  and  hyperlKilaH  will  be  considerably  nn 
ified  by  variations  in  the  rhannel  rtuighness,  s1ojk\  and  wotted  peri 
eter,  but  the  inodifieatitais  will  rarely  n[>set  the  similitude,  1 
elfeet  of  /^  si  nee  il  is  hIwiivs  an  int*reasing  quant  ity  fnr  inereaj^i 
gMge  heights*,  will  ix*  to  throw  the  curve  inside  uf  the  thetiretical  rur' 
that  is,  to  make  it  eh>s<^r  to  the  vekK'ity  axis.  The  etfeet  of  /*  is  b< 
positive  and  n<*gati\'r  in  aetion,  as  it  may  either  inerease  or  decre 
for  increasing  vahies  of  */,  Its  change's  dejH'iid  tipon  the  slojx?  of  i 
ehannel  alHive  and  h(^lr»w  the  gaging  statioj^  ami  u[M^ri  the  risin*r  :i 
falling  eondition  of  I  lie  rivei%  Iiien'asfs  in  guge  height  usiia 
increase  the  ctwfficieiit  of  chaiuu'l  roughness,  and,  therefore,  usiia 
deereasi^  the  vulue  of  r.  Its  clTeet  on  tlu*  thfM»reti(*al  graph «  or  cur 
is  usually  conjoined  with  that  of  //.  The  eomfilieated  effects  of  wett 
[>erimeter^  slope,  and  rouglumi^  of  eharuu^l  on  the  theoretical  ciir 
make  a  careful  study  of  tlie  gaging-station  conditions  absolutely  nee 
sary  to  an  intelligent  construction  of  the  nu»an- velocity  curve.  Si 
a  curve  uuiy  Ik*  drawn  by  keeping  in  mind  the  theoretical  cur 
here  deduced,  and  by  studying  carefully  the  cross-section  profile  : 
increase  in  area  and  in  wetted  i)erimeter,  by  considering  the  con 
tion  of  the  banks  of  the  river  as  to  growth  of  grass  and  trees  and  as 
other  obstnu'tions  affecting  the  coefficient  of  roughness,  and  by  inspe 
ing  the  conditions  of  channel  both  above  and  l)elow  the  station  : 
^lopc  influences,  and  by  investigating  each  measurement  to  see  whetl 
the  stream  was  in  a  state  of  permanent  flow  when  it  was  made. 
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EQUATION  OF  DISCHARGE. 

Since  the  discharge  of  a  stream  for  any  stage  is  the  product  of  the 
area  and  mean  velocity  for  that  stage,  then  the  equations  for  dis- 
charge become : 

13.  ©=^(Bi/)i 

14.  Q=^-^{Aif+By)i. 

15.  e=^  [i  (tan  f^+Um  <p)  y^+By+  C]*. 

Vp 

All  bf  these  discharge  equations  are  of  a  complicated  degree,  un- 
suited  to  practical  application,  but  they  serve  to  show  the  following 
important  facts:  (1)  The  discharge  curve  for  a  rectangular  or  trape- 
zoidal channel  could  be  determined  were  it  ix)ssible  to  get  entirely 
satisfactory  values  for  r,  /?,  and  s.  (2)  The  discharge  curve  for  the 
irregularly  cross-sectioned  channel,  which  is  aboirt  the  only  kind 
used  in  stream  gaging,  is  a  very  complicated  equation  of  the  sixth 
degree  with  respect  to  Q  and  y,  and  contains  in  addition  the  varying 
quantities  c,  «,  p^  tan  0^  tan  ^,  B^  and  Cj  thus  making  it  impossible 
to  obtain  any  tangible  method  of  applying  it.     (3)  The  first  deriva- 

tive,T^,  of  equations  13, 14,  and  15  shows  that  the  tangent  to  the  dis- 

charge  curve  makes  an  acute  angle  with  the  y  axis  and  is  always  an 

increasing  function  for  increasing  gage  heights  unless  influenced  by 

(PO 
unusual  fluctuations  in  «,  /?,  and  r,     (4)  1  he  st»cond  derivativo,    ^  , 

of  these  equations  shows  that  the  curve  is  always  convex  toward  the 
y-axis,  and  therefore  concave  toward  the  Q  axis.  Fluctuations  in 
^,  /;,  and  c  are  probably  never  so  ^reat  as  to  ui)set  these  conditions. 
(5)  The  chief  and  controlling  factor  in  shaping  the  progress  of  the 
discharge  curve  is  the  condition  of  channel. 

APPLICATION    OF   CIUIVES. 

So  far  there  have  lxK*n  considei-ed  only  the  nature  and  method  of 
construction  of  the  cross-sectional  area  and  mean-velocity  curves.  It 
yet  remains,  therefore,  to  point  out  their  practical  utility.  Evidently 
neither  of  them  would  I>e  of  much  use  in  and  of  itself,  as  there  is 
little  need  for  the  determination  of  river  cross-sectional  area  or  mean 
velocity  as  ultimate  results.  Their  sole  function  in  the  problem  of 
hydrography  is  as  auxiliary  com^wnents  of  discharge  determination, 
the  discharge  being  the  simple  product  of  thesc»  two  values.  Any- 
thing that  tends  to  more  accurate  results  in  obtaining  these  fiuictions 
increases,  therefore,  the  precision  of  discharge  estimates. 
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The  8t«nfhird  proBle  luid  Jtrett  ^urvp  of  the  river  rroBs  s^^cti 
v&vy  important  for  f^very  piTinnnoiit  isn0ng  ^atioiu  This  prci 
s^hoiilil  1m»  viny  i-nvv fully  dt*tvrriiincHl  hy  nimiiis  of  Hcniiidiji^  ai  1 
wah*r  atu]  li*vi'ls  irp  Hit*  banks  to  (Ik*  hi^li-wiitcr  liiiiil.  The  f^timcli 
iiroa  cHirvc  mii  he  tk*ti*ni3intHl  ftimi  thl^  fitaiidnni  cTt>HK-i**<*timi  prd 
Tf  tho  Mivn  is  roatpnh^d  fi»r  VHriotJs  f^i^*  ln>i^ils  whirh  hitvo  b 
st*WtiMl  lit  the  c*ritic'iil  points  in  the  cntsa  *^H'tioii,  h  rt'linbli-  curvt*  c 
l>t^  constrnctoil  bv  using  tiie  nnms  an  iU>*H*ia^a'  and  the  ^afJTc^  hifighta 
ordinntes.  This  i*nrvt»  onee  eonstnu^teil  fnv  a  iK^nnanonl  sint 
iKHroine^;  a  criterinn  wheivljy  njni|nile(i  areas  obtiiined  at  the  time 
ijimsiii'ements  may  \m  cheeked*  Aim,  when  an  ftceoiint  of  h\gh  wa 
or  any  other  hinih'JUM'e  stniiMlin^  mn  not  Im*  olitaintHl,  the  depih.H  m 
he  obtained  di reedy  h-uin  the  stantlard  ltoss  s<H*tionand  the  urea  tul 
directly  from  the  stanthird  area  curve.  Tn  nonpennaiient  Btatk 
this  standard  area  eiirve  will  serve  to  show  the  anitiiint  of  sc^jor  or 
of  the  einunud  and  the  stanchird  rross  siH'tion  will  show  it,s  IcK'atii 
The  standard  area  curve  should  W  kept  on  file  and  every  nwA  ca 
|jiitatio[i  sliould  be  eonipaiH'tJ  witli  it  as  s<K»ti  as  it  is  made,  The  v^e 
important  atlditional  use  of  the  area  curve  in  determining  the  d 
ehar^*  enrve  will  In*  mentioned  in  aana^ctiim  with  the  retinirkK 
ifiat  cnrve. 

While  tiu'.  area  curve  may  1)6  obtaineii  immmliately  for  any  gBgii 
station,  the  mean- velocity  curve  can  be  constructed  oidy  after 
Heries  of  discharge  nieasureuients  has  lieen  matle*  A.s  so*.)n  as  a  f« 
fairly  well  distritnited  ^agin^s  have  been  obtained  the  velociti 
should  bo  plotted  and  the  most  probable  cnrve  drawn.  This  ciir 
when  kept  on  file  will  serve  \o  i-heck  snbstH[!ii'nt  velocity  determin 
(i(»ns,  and  will,  the iv fore,  discl<>s<.^  liack- water  conditions,  errors 
computation,  and  cun-cnt- meter  defects.  When  all  the  yearly  nief 
urcments  ui'e  made,  f>r  at  any  timt^  that  it  is  desindvie  to  nnike  a  d 
iinirge  curve,  this  mean- velocity  ciutc  ran  be  drawn  ti>  cor^t^spol 
to  the  whole  data  atul  then  used  in  connection  with  the  area  curve 
constructing  the  discharge  curve. 

Owing  to  th(»  fact  that  close  checks  have  been  kept  by  the  hydro 
raplier  on  the  area  and  mean-velocity  computations,  the  dischar, 
measurements  will  probably  make  a  very  reasonably  smooth  cun 
and  may,  therefore,  give  no  further  trouble.  However,  if  the  niea 
nrements  are  somewhat  at  varianc^e  with  one  another,  or  are  not  w< 
distributed,  it  is  a  comparatively  easy  matter  to  draw  or  extend  t: 
mean-velocity  curve,  which  is  nuich  less  complicated  than  the  di 
charge  curve.  By  using  the  standard  area  ("urve  and  the  mea 
velocity  curve  so  constructed  a  satisfactory  discharge  curve  mj 
almost  invariably  l)e  constructed.  This  discharge  curve  is  obtain* 
by  taking  the  products  of  the  abscissa*  of  these  curves  for  the  con 
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spoiiding  abscissae  of  the  discharge  curve  for  various  gage  heights. 
These  products  should  be  obtained  for  every  foot  or  half  foot  of  gage 
height  where  the  degree  of  curvature  is  high,  but  where  the  curva- 
ture approaches  zero  these  intervals  may  be  increased  somewhat. 

IMPORTANCE  OF  GKNERAT.  HYDROGRAPHIC    DATA  CON- 
CERNING   BA8IN8  OF  STREAMH   GAGED. 

By  Robert  E.  Horton. 

The  publications  of  the  Survey  on  streams  and  gagings  are  largely 
utilized  by  i>ersons  familiar  with  and  especially  interested  in  some 
particular  stream.  They  are  also  used  by  persons  desiring  to  com- 
pare adjacent  catchment  basins,  and  gross  errors  may  he  and  often 
are  conunitted  in  attempting  to  estimate  the  yield  of  a  drainage  basin 
from  that  of  an  adjacent  stream  or  from  the  yield  of  the  same  stream 
at  some  point  where  it  has  been  gaged. 

Consider,  for  example,  a  stream  flowing  out  of  a  rocky,  forested 
mountain  region  and  over  a  broad  plain  with  deep  soil  under  culti- 
vation. Suppose  that  the  stream  has  l)een  gaged  at  the  foot  of  the 
mountains,  but  it  is  desired  to  estimate  its  run-off  at  the  foot  of  the 
plain.  A  very  common  method  in  such  cases  is  to  increase  the  dis- 
charge in  proportion  to  the  increased  drainage  area.  This  method  is 
legitimate  in  some  cases,  and  unless  the  person  making  the  estimate 
had  a  know^ledge  of  the  hydrographic  features  of  the  two  sections 
of  the  basin  and  of  their  effect  on  the  run-off  and  regimen  of  the 
stream  he  might  easily  infer  that  such  a  method  was  applicable  in 
this  case.  As  a  matter  of  fact,  in  the  case  cited  it  is  probable  that 
the  use  of  such  a  method  would  result  in  an  estimated  discharge 
at  the  foot  of  the  plain  considerably  in  excess  of  the  truth.  An  error 
of  this  kind  which  cost  i)erliaps  $100,000,  and  which  resulted  in  the 
complete  failure  of  a  lar^e  project,  has  come  under  the  writer's 
ol>servation. 

In  the  reports  of  tlie  Survey  as  hitliorto  published  but  little  data 
have  Ix^en  given  rogardin*;  the  cliaracter  of  the  drainage  basins.  To 
persons  unfamiliar  witli  the  conditions,  tlie  fact  that  gagings  at  two 
points  on  a  stream  sU)w  widely  different  run-off  may  Ih»  taken  as 
evidence  of  inacciu'acy  of  the  gairings,  wliereas  the  real  reason  for  the 
diffenMice  may  be  in  the  physical  character  of  the  basin. 

As  the  rec(U*ds  continue  from  year  to  year,  conditions  in  the  catch- 
ment basins  as  to  forestation,  culture,  drainage,  evaporation,  etc.,  may 
progressively  change,  causing  a  change  in  the  run-off  and  in  the 
rainfall-run-off  relation. 

It  is  important  that  the  state  of  each  drainage  basin  as  regards  the 
above-named  features  shall  be  early  recorded,  so  that  when  changes 
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occur  in  the  fiitui'e  their  tvlation  to  i\w  stroaiits  nmy  be  ratioiMlJ 
Irawd,  The  physical  ilala  wliicli  it  iipjH^tirn  iihksI  iitiporUiut  I 
idcUkU*  in  dt'Kcrii)tii>n>^  of  gwgiug  HtalioiiH  may  Ik?  clan^iiifd  us  foUowi 

(a)  Slutpo  of  diaiiui^^  Imsin  iind  do^^rription  of  IribuuHes- 
wlu*tlmr  Hpai'Ne  or  mmu^rouH,  with  branch**s  or  withotil,  etc  Th 
has*  an  important  bearing  tni  tlic  i\mn\  di^chargL\ 

(fj)  To[>n^i'Hpliy.  Ksporially  tliat  of  tlit*  upi>er  wiiehes  of  tl 
>^trcaiu  as  toinpanni  with  the  inttn*iiH?diato  mu]  h»\vt*r  ilrainn^*  nve^ 

{r)  Soil  ruid  Niidi'rlyin^  nx'L  Tl»c  nJativc  liMmtioEi  of  |>ottioi 
of  thi*  iireirt  having  rork  and  t*ciil  wnrfaije,  resjMwtively,  should  I 
noted*  It  iii  uls^3  WiOI  t(j  knuw  wlicllicr  tht*  rcK.*k  is  inijK'rvioN^  J 
slate  or  granite,  or  porous  and  li.^sunnL  as  san<lstom*  and  Hnjestou 
The  character  of  the  soil,  whclljcr  sand  or  chiy,  tx^iHJUt*  or  ijujHU'vioa 
deep  or  shall i^w*  ntoist  en*  dry,  should  jd>^>  he  iioteth 

(d)  Lakes  a  nil  marshes  Their  Imnilion,  area,  an*  I  ran||^'  of  varia 
tion  in  sla^^  are  important  as  nioilifying  hi>th  the  flood  litsc^iaif 
and  the  low -water  regimen;  the  existt^nec  and  exti^it  of  flooij  plaii 
and  overllowed  area>^  may  also  \w  noieiL 

{**)  Cnitniv.  The  hH-ati<in  of  the  laiger  foi^ast  arms.  The  pel 
tseniage  of  forest  anil  tided  hind.  'J'hc  a  rim  of  t)am'n  roi'-k  surfac 
istc.  It  it^  also  dci^i ndde  iu  state  iIk'  extent  of  sodded  meadow^  an 
pasture*  lands^  as  such  area?i  affonl  maximuai  evaporation  h>sse^, 

(/)  Springs  and  ground  w^aten  Tlie  depth  of  the  gronnd-wat^ 
tablf^  bi*low  the  surfaet^.  The  seasonal  fluei nation  in  level  to  whic 
it  is  subjiK*t,  and  general  facts  as  to  the  pri*st*nee  or  absence  of  spring 
It  may  also  Ix^.  of  great  vahie  in  interpreting  gaging  records  to  kno^ 
whether  the  topographic  drainages  basin  receives  wat«r  from  c 
yields  water  to  adjacent  basins  thi'ough  ground  water. 

(g)  Diversion  and  storage.  Irrigation,  drainage,  and  other  art 
ficial  influences  modifying  the  stream  regimen  should  be  noted  i 
the  records. 

(A)  Rain  and  snow.  The  regimen  of  a  stream  in  a  norther 
climate  may  differ  widely  from  that  of  a  similar  southern  draina^ 
basin,  owing  to  the  fact  that  a  large  part  of  the  northern  wintc 
precipitation  is  held  for  months  as  surface  storage  in  the  form  c 
snow. 

Peculiarities  in  the  distribution  or  occurrence  of  precipitation  i 
each  locality  should  be  noted,  even  if  details  as  to  the  amounts  c 
such  precipitation  can  not  \ye  entered  into. 

If  such  data  as  those  above  outlined  are  carefully  collected  an 
published,  the  gaging  records  may  Ijecome  of  greatly  increased  vain 
and  may  \)g  safely  utilized  by  those  not  familiar  with  the  charactt 
of  the  streams  in  question. 

With  such  data  before  him,  one  could  compare  the  gaging  recorc 
for  streams  on  the  plains  with  those  for  streams  in  the  Central  State 
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md,  for  example,  reasons  would  at  once  appear  why  it  is  that  one 
'iver  may  yield  but  2  inches  run-off  per  year  from  15  inches  rainfall, 
vhile  another  yields  10  inches  run-off  from  an  equivalent  precipi- 
ation. 

Conditions  such  as  a!x)ve  described  are  frequently  brought  to 
ight  in  the  reports  of  the  Survey,  yet  it  is  not  always  possible  to 
ind  in  the  published  reports  the  underlying  reasons  for  them.  Such 
>hysical  data  as  have  been  outlined  form  properly  a  part  of  the  sub- 
ect-matter  of  hydrography,  and  the  alnne  notes  are  given  not  as  a 
•riticism  of  the  work  done,  but  in  the  hope  that  they  may  suggest 
vhat  auxiliary  data  are  net»ded  to  render  the  stream-gaging  records 
hemselves  most  complete  and  useful. 

EFFECT  OF  AQUATIC  VECiETATION  OX  8TREAM  FI.OW. 

By   KoBKUT    E.  IIOHTON. 

Three  principal  classe^s  of  a(iuatic  phmts  that  influence  stream  flow 
nay  l)e  mentioned.  The  first,  algas  has  been  found  to  give  little 
rouble,  usually  gi'owing  in  small  brooks  or  on  rocks  in  rapids  and 
ihallows.  The  second  class,  a  fine  long  wiry  grass,  sometimes  called 
'  eel  grass,"  has  been  observed  by  the  writer,  notably  in  Saratoga 
l^ake  outlet,  or  Fish  Creek,  in  New  York.  It  is  accompanied  by  the 
hird  form,  the  common  dark-green  fronded  w^ater  plant,  or  eel  grass, 
)f  New  England  rivers,  in  which,  however,  the  fine  wiry  grass  seems 
o  I^  the  chief  source  of  interference. 

Fish  Creek  is  a  smootli-flowing  stream  with  sandy  bed  and  a  very 
>teady  regimen,  its  principal  supi)ly  coming  from  Saratoga  Lake. 
[t  is  utilized  by  important  water  powers  near  its  montli.  The  grass 
s  so  scattered  that  its  etl'ect  on  the  stream  would  at  first  appear 
loubtful  or  unimportant.  An  examination  shows,  liowever,  that  the 
stream  is  filled  with  swirls  and  eddies,  and  its  current  is  very  hard  to 
neasure  with  a  meter.  As  the  season  advances  and  the  grass  growth 
ncreases  the  slo])e  and  flow  become  so  decreased  that  cleaning  is 
lecessary,  and  a  boat  is  sent  through  to  cut  tho  grass.  Aside  from  the 
^rass,  the  conditions  are  favorable  to  accurate  measurenu»nt. 

JiHcharoe  mcatturcmcnts  of  Fish  Cicrh-,  \nr  VorA-,  /;/  JUO'f,  shoicinf/  effect  oj 

f/russ  in  xtrenni. 

Date.  liJkfli't      t)i«<*lJ«irKo.  Coiulitiuii. 

.Second-fret. 

Vugust  35 1. 40  283     Much  grass. 

)ctober  5 .    '      1.47  Jill     Some  gras.s. 

Govern be^  11 - . .       1 .  25  381     Grass  mostly  gone. 

I 


i 
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On  iiiHiiy  Michi^iiu  rivoi-s  t'ruinled  water  ^frass  is  so  cotiitiion 
prolific  thmi  n  suitable  site  for  cunTiit -nutter  work  can  hardly 

fomid  in  the  i-tnirise  of  the  t^ttviuiu  Uppt'r  St.  ,lt»st*[>l»  Riv'i*r,  &• 
vTiiiding,  smcmth-flowiug  stn^ain,  alFunls  aii  iiiteivstiii^  cxuiii {)!«>«'' 
pigirig  station  was  estflblisiihed  in  lf*(>2  at  Mt^iulon,  at  a  liighv 
bridge,  wliere  apparently  nu^asiuvuxeiits  anM  hv  ina<le  witb  an  t*x< 
lent  degree  of  aeein^aey.  There  i.s  no  artitieial  inflnent-t*  disfuH) 
the  htrcani  for  niuny  miles  aU>ve  or  Im'Iovv  and  no  bsek  wittor  fr 
dams,  A  desct>nt  of  over  ::^0  ftn^t  slope  of  stn^nin  surfatx*  iiiterve 
between  the  gaging  station  anil  the  neartvst  dani  below.  Tho  pigi 
ItM-ated  in  the  oiH'n  stream  ehannel  one-half  mile  aljove  the*  brii 
where  nieasnreinents  are  made*  It  was  sinm  fonnti  tlmt  tlu^re  wa 
wide  variation  in  the  diseharge  at  a  given  stage*  and  this  could  oi 
be  attributed  to  the  effect  of  back  water  from  arjuatic  vegietati 
growing  Indow  tlie  place  of  measurement-  I 

Measurement's  made  in  early  spring,  l>t^fore  the  growtli  of  gr 
l)egan,  sliuwed  a  nuiximum  diseharge  for  a  given  stage.  It  v 
[iiopejsetl,  therefore,  to  develop  a  maximum  or  normal  dis<*liai 
eiirve  showing  the  eonditions  in  the  ab?H*nce  of  vegetable  growth 
the  sti'eatn*  The  station  has  Ix^en  eontinued  three  yeaiN,  and  cii 
season,  as  the  snmmer  advanees  and  the  growtli  of  aqua  tie  vegetati 
inereascs,  the  discharge  measurements  fall  short  farther  and  fartl 
from  tlie  norma!  discharge  curve. 

Ultimately  a  series  of  disehargi*  curvets  will  Iw  drawn  parallel 
the  normal  enrve  sh(»wing  *' etaitcairs  ""  of  iiischarge  with  luryi 
degives  of  grass  obstrut^tiou*  and  in  this  way  an  approximate  ej- 
mate  of  the  sunniier  discharge  may  l)e  arrived  at,  somewhat  af 
tfie  method  used  in  estimating  discharge  of  western  rivei-s  iiavi 
continually  shifting  Wds. 

HANITAHY  RKGUJ^TIOKS  COVKH^riXG  COIVHTRUCTIOI 

CAMPS. 

By  M-  O.  IjEmiTTON. 

NEKO   tXtn  SANITATION. 

Sanitation,  according  to  the  popnlar  idea,  is  a  science  which  I 
no  pecuniary  utility— that  is,  the  purposes  are  entirely  humanitjiri 
and  have  little  or  no  relation  to  money  values.  This  i<lea  is  errontH) 
There  are  phasi^s  of  the  sanitary  r[ue8tiini  which  aiv  quite  as  mi[> 
tant  fnau  the  (iuaiu^ial  as  they  are  from  the  purely  siK-ial  standpoi 
Almost  n*jwhere  is  this  better  exeniplitied  than  in  connection  w: 
givat  construction  canjps. 

The  physical  condition  of  the  lal>orer  is  the  men  sure  of  his  da 
work.     Whether  his  occupati<ai  Im^  active  or  sedentary,  liis  achie 
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nients  are  finally  controlled  and  limited  by  his  relation  to  physical 
ill^!s  The  difference  between  the  achievements  of  a  person  in  good 
and  in  poor  physical  condition  is  a  matter  of  common  observation. 
When  this  difference  applies  to  a  whole  community,  its  total  is 
increased  in  direct  ratio  to  the  number  of  persons,  and  in  a  camp  of 
several  hundred  workmen  it  becomes  a  serious  item.  It  may  repre- 
sent the  difference  lietween  success  and  failure  in  the  completion  of 
a  piece  of  work  within  a  specified  i)eriod,  in  the  character  of  the 
work,  or  in  its  permanence  after  comj^letion. 

It  is  only  a  step  from  the  poor  physical  condition  that  is  responsible 
for  indifferent  labor  to  the  acute  illness,  during  which  all  productive 
labor  ceases.  A  general  epidemic  of  acute  disease  in  a  construction 
camp  is  disastrous.  Disease  rather  than  engineering  diflieulties  has 
been  the  cause  of  absolute  failure  in  a  few  great  projects.  The 
earlier  attempt  at  the  construction  of  the  Panama  Canal  is  a  notable 
instance.  In  short,  sanitation  is  one  of  the  vital  necessities  in  con- 
struction camps. 

Construction  camps  maintained  in  connection  with  the  various  irri- 
gation projects  afford  exceptionally  favorable  ground  for  the  dis- 
semination of  disease.  There  the  men  mingle  more  intimately  than 
in  almost  any  other  walk  of  life.  Culinary  and  toilet  utensils  are 
used  in  common,  and  every  other  feature  favorable  to  the  rapid  dis- 
semination of  disease  is  provided.  This  is  true,  of  course,  of  all  con- 
struction camps,  but  there  are  in  these  arid  lands  additional  hazards 
which  no  human  foresight  can  provide  against.  Camps  are  inva- 
riably remote  from  bases  of  supplies,  and  food  nuist  therefore  be 
inferior  to  that  which  could  Iw  provided  in  more  favorable  locations, 
but  most  important  of  all  is  the  fact  that  water  is  often  scarce.  The 
very  conditions  which  make  irrigation  construction  necessary  also  add 
to  the  dangers  attendant  upon  that  construction.  In  arid  countries 
the  desire  for  water  on  the  part  of  workingnien  is  far  more  acrute 
than  in  humid  regions.  It  is  natural  that  under  such  circumstances 
men  consider  quantity  of  water  rather  than  quality.  Too  often  there 
is  no  choice  to  be  exerciscnl — the  one  availal)le  suj)ply  nuist  be  used, 
whether  it  be  good  or  l)a(l.  Thirsty  men  give  little  thought  to  any 
characteristic  of  water  save  that  of  wetness. 

The  above  considerations  make  il  practically  incumbent  upon  those 
in  charge  of  reclamation  construction  to  provide  against  all  conceiv- 
able conditions  or  circumstances  which  might  result  in  an  outbreak 
of  disease  among  the  engin(»ers  or  laborers.  To  this  end  it  is  propostul 
to  incorporate  into  the  specifications  of  each  contract  advertised  under 
the  reclamation  law  the  following  clause: 

The  use  and  sale  of  intoxiciiting  liiiuor  win  be  absolutely  prohibltiHl  on  the 
work  except  under  the  dinM-tion  and  suptTvislon  of  the  engineer  in  charjje  or 
his  agent,  and  then  oiily  for  nuHlicinal  puri>oses ;   and  it  Is  furthermore  hereby 
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undei'stood  aud  agreed  that  tbe  clilef  engineer  may  establish  rales  for  fuinltary 
and  police  regulations  in  all  forc*es  employed  under  this  contract,  and  sbonld 
the  contractor  fall  to  enfor(*e  these  rules  the  engineer  may  police  working  gaap 
and  camps  and  assess  the  proi)er  proportion  of  tiie  cost  against  tbe  contractor, 
the  amount  so  assessed  to  he  deducted  from  any  sum  due  said  contrsctor. 

i- 

SANJTARY  CODE  FOR  RECLA3rATION  WORK. 

The  following  code  has  been  promulgated  to  govern  die  location, 
construction,  and  maintenance  of  camps.  In  drafting  these  regula- 
tions it  has  been  necessary  to  bear  in  mind  the  limitations  which  pre- 
vail in  the  region  covered  by  the  work.  The  natural  conditions  and 
the  remoteness  of  camps  from  bases  of  supplies,  as  well  as  the  widely 
varying  necessities  attendant  upon  the  different  branches  of  the  work, 
render  it  impracticable  to  attempt  to  establish  and  enforce  finely 
definite  regulations.  In  this  code  it  has  been  the  intention  to  expre&? 
general  principles,  with  the  purpose  of  having  them  carry  the  details 
by  implication. 

Camp  sites. — Especial  care  should  be  exercised  in  the  location  of 
camp  sites.  They  should  bo  placed  upon  well-dniined  ground  where 
sun  and  air  may  have  free  access,  and  as  far  as  possible  from  bodies  of 
quiescent  water,  such  as  bog  holes,  seepage  ponds,  and  sinks.  Low 
places  along  river  bottoms  should  be  avoided  whenever  possible,  and 
in  case  it  liecomes  necessary  to  establish  a  camp  at  any  point  where 
the  gi'ound-water  table  is  close  to  the  surface  each  camp  structure 
should  l)e  surrounded  at  its  base  by  a  trcMich  of  from  1  to  2  feet  in 
depth  and  an  outlet  provided  for  enicr^ifciicy  use  to  drain  off  water 
which  may  collect  there. 

(■amp  Mfrt/rfvrcs, — Camp  sites  should  always  bo  sidected  convenient 
to  some  source  of  water  supply.  l)ut  the  camp  structures  should  not 
be  placed  in  close  proximity  thereto.  Tiu*  slope  and  nature  of  the 
soil  should  1h*  c(msidered,  and  no  structure  should  l)e  erected  at  a 
point  from  which  etfete  matter  may  filter  through  the  ground  and 
infect  the  water  supply. 

Laratorij  arrangementH, — Arran^enu^nts  should  be  made  for  the 
raj)id  and  complete  disposal  of  water  from  wash  l>asins,  tul)S,  etc. 
Tn  the  casi»  of  permanent  camps,  a  sink  should  be  provided  with  pipe 
connection  to  a  covered  cesspool,  located  at  a  point  from  which  there 
will  be  no  drainage  to  a  well  or  other  stored  water  supply.  When- 
ever the  ('onditions  are  such  as  to  make  this  arrangement  impracti- 
cable, the  lavatory  should  be  placed  at  a  point  similar  to  that  described 
in  the  case  of  the  cesspool.  Where  the  nature  of  the  ground  is  not 
such  as  to  readily  absorb  all  wash  water,  an  excavation  of  proper 
dimensions  should  be  made  and  filled  with  loose  material  to  a  level 
with  the  ground  surface. 
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Water  supply, — ^The  water  supply  for  all  camps,  especially  that 
used  for  drinking  and  cooking,  should  be  absolutely  free  from  all 
suspicion  6f  dangerous  organic  contamination.  Old  wells  in  ques- 
tionabler][K)sitions  with  reference  to  surface  or  outbuilding  drainage 
.should  b^  avoided,  and  wherever  there  are  no  wells  free  from  such 
suspicion  upon  the  site  of  a  permanent  camp  new  ones  should  be  sunk 
at  unquestionable  points.  Whenever  it  is  necessary  to  erect  a  camp 
at  which  the  only  water  available  is  open  to  suspicion  or  is  known 
to  be  contaminated  with  animal  wastes,  such  water  should  be  purified 
by  boiling  or  by  filtration.  If  the  former  course  is  taken,  great  care 
should  be  exercised  to  maintain  at  all  times  a  sufficient  quantity  of 
stored  water  which  has  been  cooled  after  toiling.  In  many  cases 
where  boilihg  has  been  resorted  to  for  water  purification  this  rule 
has  not  been  observed,  and  the  meniljei-s  of  the  camp,  finding  no  water 
or  only  that  recently  boiled,  have  been  induced  to  drink  raw  water. 
Such  an  act  destroys  the  value  of  all  previous  precautions.  Filtered 
water  is  far  more  palatable  and  generally  as  safe  as  that  which  has 
lieen  boiled.  The  Berkefeld  or  some  similar  filter  is  best  adapted 
for  such  uses.  It  can  l)e  i)rovi(led  in  various  sizes  and  should  be 
installed  with  a  suitable  container  to  store  filtered  water.  The  pres- 
imve  should  be  developed  either  by  pumping  direct  through  the  filter 
or  by  placing  a  small  reservoir  at  some  point  higher  than  the  filter 
and  allowing  the  filtration  process  to  go  on  continuously  into  the 
dear-water  reservoir. 

Flies  and  mosquitoefi, — The  most  important  sanitary  provision  in 
connection  with  camps  is  tliat  of  exclusion  of  flies  from  cook  tents, 
mess  tents,  and  privy  vaults;  y<»t  this  is  the  very  provision  wliich  is 
most  frequently  overlooked.  According  to  the  report  of  tlie  commis- 
^ion  appointed  by  President  McKiidey  to  investigate  into  the  occur- 
rence of  typhoid  fever  among  the  soldiers  during  the  Spanish  war, 
almost  every  outbreak  which  occurred  was  due  to  the  lack  of  sufficient 
protection  against  flies.  There f on*  spectial  care  should  l)e  taken  to 
exclude  flies  from  all  places  in  which  food  stuffs  are  exposed,  and,  if 
necessary,  in  the  large  camps  a  man  should  be  detailed  to  accomplish 
this  purpose. 

Mess  and  cook  tents  or  houses  should  l>e  provided  with  sci'eens  at 
all  windows,  and  each  door  which  leads  into  the  outer  air  should  be 
provided  with  a  vestibule  alM)ut  4  feet  scjuare,  constructed  in  the  fol- 
lowing manner:  The  dividing  partition  and  the  do(n*  between  the  cook 
or  mess  tent  and  the  vestibule  should  lie  of  wood,  as  well  as  the  side 
walls  of  the  vestibule,  for  a  distance  of  alx)ut  1  foot  from  the  dividing 
wall.  The  door  and  walls  shoidd  l)c  painted  black  or  some  dark 
color.  The  remainder  of  the  vestibule  should  be  of  durable  wire 
netting  and  the  door  leading  out  from  the  vestibule  of  the  same  mate- 
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rial.  With  such  n  i>rovtmoii  the  flies  which  enter  the  outer  «cr 
docjr  cjitriiig  the  tiino  when  people  are  pasvsin^  through  will  tie  can 
in  Ifie  V4*stihulr  i\\u\  will  roni^n^pite  iipun  tlie  wire  pnrt  of  the  ifc 
bule  ill  pi*eferenee  to  the  i]ark*<*<iloreil  wmxl  next  (o  the  etiok  or  n 
iL'nU  «ti<l  *»nly  rt  very  i^uinll  pn*iKirtion  of  th<*  Hie**  ont*"ring^  the  ^le 
hlile  will  iiTvrler  siirli  r*oii< lit i oils  esc'jijx^  into  the  Inr^er  aipailniejil', 
the  ent?k  Mini  mvss  teiil^  or  Iiomh'n  iin^  nnJ  huilt  inulor  h  ctminion 
the  pJisHiipe  Ijetweeti  the  two  shouhi  l)e  thomnghlj  sereeiiiMl,  mu\  if 
{^ntruiiee  i^^  nijide  from  tlit*  pH^sii^^  tti  \hv  t inter  nir  vestihiiK^  shoiihj 
in'ijviiled  us  jihnvr^  itesurilitMh 

Of  eqmil  importuiiee  is  the  thorough  senn^nin^  of  privy  vattlt.'^  i 
Viuih  af>artmeiits,  for  it  is  fr<mi  siieh  f)hie«\s  tluit  flie?^  t^arrying  uj 
their  hothcs  efh'te  rnatei'inl  iHlFusi'  thrtnif^htnLt  the  ciiinp  nti  eptdet 
by  eoiiiin^  in  roiitaet  w  ith  ftHnln.  ^^'ithout  projK^r  senvnin^  ;i  dk 
(runs  (^pideinie  of  typlMiid  rtuiv  Ik*  vt\>^\\y  .s|jrratl  thrnu^li  :i  eump 
mw  nf  the  (ueiiilMn's  of  I  lie  eiunp,  or,  iiukn^d,  n  tnuiisient  ^iit*st,  shoi 
in.*  in  the  pnutniinal  KtM^>  of  the  di^*t*asi*.  It  iij  at  these  tinl<^s  that  1 
disrhnrp^s  im*  most  virulent.  \"iinlts  shonlil  therefore  Ik*  Imilt 
ti^hl  jnnlrTuil  hihI  l)e  provided  wilh  a  V(*s(ilu]h'  iit  the  eirtrani'e  simi 
to  that  alKjve  chwerilK»d  in  the  catio  of  eook  and  mcj«.s  aparttnetits^ 
box  t»f  dry  earth  shtmld  l»t»  kept  in  t^aeh  elnset  anil  the  contents  liB 
ally  sprinkk*rl  in  tlie  vault  afti-r  usin^. 

Wherever  it  is  ]>ossilj]e  to  do  so  slet^ping  apaiiments  ^haithl 
thonaiji^hly  scm^ned,  not  only  for  the  comfort  of  the  niernlH»i^  of  t 
eainp,  l>ut  to  protect  tht^ni  from  mosfpiitcKN.  which  transmit  the  ina 
rial  infeclion.  The  ^jtinus  Anopht^h'^.  which  transnnt^s  the  malar 
infci'tion  thr<Ki*rh  its  |>rolK)scis,  iIim-s  not  connmitdy  tty  alxMit  diiri 
the  day.  hnl  is  iictive  at  nii^lit  and  sliuuld  Ijc  exchidtnl  from  sleepi 
apartments, 

Camps  shonkl  Ih*  well  su]»plit'd  with  stirky  f1y  paper  in  cook  a 
aa*ss  n[iarlim'nts,  and  all  lli^s,  nioHjintocs,  cti%,  slnaild  In?  exchided, 
far  as  it  is  ja^ssihle  to  ilo  so,  In^fore  fiHal  stntfs  are  exposed, 

GttHntfjf. — (larha^^c  shonid  not  W  allowed  to  ivinain  upon  eat 
prernis<^s  for  any  liai^^lli  of  tiinc\  hnt  should  1h»  removed  a>s  frequeni 
as  conditions  will  aH*>w.  While  it  is  neirssarily  stoitnl  npon  preniii 
it  shonkl  1k'  ke})(  in  metal  ctmlainei's  and  protected  fnjni  flies  a 
othnr  vermin. 

Privy  vanlts  shonid  always  lie  platx»d  at  a  considerable  distar 
finan  other  t^anip  strneinres.  slionld  he  ke]>t  as  (ivy  as  iK>ssible  a: 
slnudrl  nc^l  !«•  so  |>laced  that  the  drainage  tht^refroni  will  infect  t 
local  w  ater  supply. 
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KLAMATH  PROJECT. 

By  J.  B.  LiPPiNcoTT. 

INTRODUCTION. 

The  batsin  of  Klamath  Kiver  was  visited  in  October,  1908,  by  John 
T.  Whistler,  engineer,  who  reported  on  it  under  date  of  November 
2,  1903.  H.  E.  Green,  engineer,  also  visited  this  basin  in  October, 
1903,  and  reported  thereon  in  a  communication  entitled  "  Report  of 
reconnaissance  of  the  country  lying  on  either  side  of  the  boundary 
line  l)etween  California  and  Oregon  in  the  Klamath  and  Ashland 
Atlas  Sheets  of  Oregon,  and  the  Shasta  and  Modoc  Lava  lieds  Atlas 
Sheets  of  California."  Both  reports  were  transmitted  to  the  Secre- 
tary of  the  Interior  in  November,  1903,  and  were  printed  in  the 
Second  iVnnual  Report  of  the  Reclamation  Service.  They  were  pre- 
liminary and  were  considered  sufficient  justification  for  a  further 
investigation  of  this  section. 

In  the  latter  part  of  June,  1904,  the  writer  made  an  extended  trip 
through  a  portion  of  the  basin  of  Klamath  River  and  Lost  River  with 
T.  H.  Humpherys,  assistant  engineer.  No  extensive  surveys  had 
been  made  at  that  time,  Mr.  Humpherys  having  dpent  his  time  in 
acquainting  himself  with  the  general  situation.  The  basin  of  Wil- 
liamson River,  which  lies  largely  in  the  Klamath  Indian  Reservation, 
has  not  yet  been  explored,  but  it  is  stated  currently  that  there  are 
large  areas  of  excellent  land  in  this  reservation  that  may  be  reclaimed. 
This  report  is  therefore  based  very  largely  on  general  information 
received  from  Mr.  Humpherys  and  on  a  personal  reconnaissance  by 
the  writer,  aided  by  the  topographic  maps  of  the  Geological  Survey. 
The  data  based  on  the  surveys  now  being  made  are  not  yet  available. 

Permanent  gaging  stations  are  l>eing  e^stablished  by  Mr.  Hum- 
pherys at  Keno,  on  Klamath  River,  at  the  Hoi'se  Fly  reservoir  site  on 
Miller  Creek,  at  the  Clear  Lake  reservoir  site  on  Ixist  River,  a  gage 
rod  and  evaporating:  pan  in  Tule  Lake,  near  Merrill,  and  a  gage  rod 
in  Klamath  Lake,  near  Klamath  Falls.  Measurements  of  the  flow 
of  Link  or  Klamath  River  at  Klamath  F'alls  will  lx»  continued.  Mr. 
Whistlers  gaging  station  on  I^>st  River,  in  Laugells  Valley,  will  be 
abandoned,  as  will  the  gaging  station  on  I^st  Kiver  at  Olene. 

GENEILVL   IX)CATION. 

The  general  location  is  in  Klamath  County,  Oreg.,  and  in  Modoc 
and  Siskiyou  counties,  Cal.  The  State  line  to  a  singidar  extent 
divides  this  basin  between  the  two  Connnonwealths.  For  instance, 
the  Clear  Ijake  reservoir  site  lies  in  California,  but  the  water 
impounded  therein  can  best  be  used  in  Oregon.    The  Horse  Fly  reser- 
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voir  si  to  is  hItUfUiHl  in  Oivpni,  jirul  this  wntor  can  l*est  be  tiiie<l 
Oro^on.  A  divemon  cdnduit  from  lTp|K*r  IClauiath  \*nkv.  will  ^^ 
hiUiU  hodt  in  flivpjij  und  Culifnrniu.  Tin*  fill  Is  of  Klamath  Rii 
a IV  in  Ijoili  ('alif*>iiiia  aiul  Oi^^^inu  inul  this  power  run  iK^st  Ir^  iu 
for  th(?  piuiiping  iif  water  until  lands  in  ('jiIiforniH,  Klatiintli  Rii 
is  nnvi^ihle  in  a  portion  of  it^  rours*^  nnd  is  so  ils^mI  cotnnierciall 
IJppor  jnul  Lowt-^r  Khnnath  I^dcrs  an*  ('<nniiii'ivially  navi|r3il>|i*  a 
lire  cut  in  half  l>y  tht'  Statr  line.  Tnlr  L»ik<?  in  navigable,  bnt  i^ 
nmd  only  io  a  slight  i-xtrnt ;  it  is  rut  by  Ihr  State  Uiir,  W#i  tliri 
forr  hiivi^  HU  iiUt^istair  sitiaihon,  ho(h  us  to  water  t^upply,  power, 
irri/jid>le  lands. 

This  iiijtardintn  ro^on  has  no  railroad,  tho  nrni^Kt  station  l}^ 
Pokrgama*  from  whi<'h  a  ship*  <lriv<*  of  sonir  'i4  niih"*s  is  niadu 
KtMio,  fn>m  wliirh  [loint  KliimnllL  Uivrr  iimy  \m  iiHvi^atecl  by  mm 
of  u  gnsolino  iMnit  to  Klanmth  Falls,  whirh  is  thr  rnotity  seat 
Klatimth  t Vanity.  Two  niiln>ads  nn-  iujw  bring  projrrt<*<l  into  tl 
n'gion,  onr  froiu  l*(»kr^rtinH  iitid  tht*  oHu^r,  known  lus  the*  W**ed  ran 
from  (Viliforniiip  Botli  thrst^  niiirouds  urr  built  primarily  for  liu 
beriiig  ]jiu*pos<*,s, 
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The  ])rinripfil  wtn^ams  uf  thr  Klanmth  basin  arr  Wood,  AYilliai 
Kon.  S[H"agm\  ami  host  riv*'rs.  The  dniitiugr  is  tpritr  singular.  Ijq 
Kivrr  nt  pn'jsinit  dors  not  tlow  into  Klamatli  Kiver,  but  into  Til 
Lakr,  whirh  has  tm  outlrt. 

K/fUNfff/i  li^frtr. — Wiiod  and  WilSianisoii  rivrrs  ai-r  tin*  two  pri 
cipal  tributarirs  of  the  Klamath.  Wood  River  is  fed  by  some  vei 
large  sj)rings,  the  water  suj)ply  aj)j)arently  roniing  in  large  pa 
from  the  rountry  around  Crater  Lake:  Williamson  River  draii 
the  region  northeasterly  from  Khunath  Lake. 

Thesi'  streams  flow  into  Klamath  Lake,  which  covers  67,220  acre 
and,  if  the  marginal  swamp  lands  are  included,  1)4,000  acres.  Tl 
river  is  therefore  regulated  by  this  large  ar(»a  of  lake  and  swam 
P'rom  Upper  Klamath  Lake  the  stream  falls  abruptly  about  56  fee 
and  is  called  Link  River.  At  Keno  the  lower  rapids  of  Klamat 
River  begin.  Link  River  also  sui)plies  Lower  Klanuith  Lake,  whi( 
covers  20,400  acres  with  water  and  S8,:U)()  acres  of  water  and  margin 
swamp.  The  lower  lake  acts  as  an  additional  regulator,  and  tl 
fluctuation  in  river  height  at  Keno  probably  does  not  vary  over 
or  'i  feet. 

On  October  25,  1903,  Klamath  River  was  measured  at  Klamathc 
by  Mr.  H.  Vj.  (ireen  at  its  low -water  stage,  and  its  volume  four 

"An  art  of  ConKross  approved  Fel)riiary  0.  1005.  authorlzos  the  Secretary  of  t 
Interior  to  Interfere  with  these  navi£ral)le  waters  l»y  constructlnjj  Irrigation  worl 
Similar  permits  have  lx*en  granted  by  the  States  of  California  and  Oregon. 
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to  l)c  2,000  second-feet.  It  was  stated  at  the  time  that  the  river  was 
lower  than  at  any  previous  time  for  twelve  years.  The  low-water 
flow  of  Link  River  in  1901  was  1,773  second-feet.  Upper  Klamath 
Lake  may  be  used  as  a  storage  re^servoir,  if  desirable. 

The  elevation  of  Klamath  River  near  the  Southern  Pacific  crossing 
at  Klamathon,  according  to  the  topographic  sheets  of  the  Geological 
Survey,  is  less  than  2,200  feet.  The  elevation  of  the  river  at  Keno 
is  4,080  feet,  as  determined  by  levels  run  from  Klamathon,  which 
indicated  a  fall  of  al)out  1,900  feet  in  a  distance  of  40  miles.  Near 
the  mouth  of  Falls  Creek  there  is  a  drop  in  the  river  of  400  feet  in 
2  miles,  as  indicated  by  the  topographic  map  on  the  Shasta  quad- 
rangle. With  a  low-water  flow  of  2,000  second-feet,  this  400-foot 
drop  would  develop  91,000  theoretical  horsepower.  Beginning  at 
a  i)oint  about  6  miles  below  Keno  the  map  indicates  a  drop  in  the 
river  of  800  fe(»t  in  a  distance  of  10  miles — sufficient  to  produce 
181,(XX)  theoretical  horsepower,  with  a  flow  of  2,000  second-feet. 
From  this  it  will  be  seen  that  the  opportunities  for  power  develop- 
ment on  the  river  are  very  great,  and  it  will  be  shown  later  that  there 
is  the  possibility  of  using  this  power  for  irrigating  arid  lands. 

It  appears  to  l)e  feasible  to  make  an  excavation  near  Keno  in  the 
channel  of  the  river  at  the  head  of  the  rapids,  where  the  river  drops 
60  feet  in  a  short  distance,  by  means  of  which  the  water  can  be  drawn 
off  of  the  marshes  surrounding  I^ower  Klamath  Lake,  as  well  as  from 
Ix)wer  Klamath  Lake  itself.  This  difference  in  elevation  probably 
could  \ye  made  sufficient  so  that  the  flood  waters  of  I^)st  River  which 
are  not  impounded  in  the  reservoir  sites  on  I^st  River  could  l)e  turned 
into  Klamath  River  and  away  from  Tule,  or  Rhett.  Lake.  The 
advantage  of  such  a  proceeding  will  be  treated  later. 

Lost  Hirer. — Ijost  River  is  an  interstate  stream,  which  Hows  to  a 
material  extent  through  (^lear  Lake.  Horse  Fly  reservoir  site,  on 
Miller  Creek,  tributary  to  Lost  River,  has  a  drainage  area  above  it 
roughly  estimated  at  200  s(juare  miles.  Its  elevation  is  4,702  feet. 
The  basin  is  fairly  well  timbered  and  api)arently  has  a  fall  rainfall 
and  winter  stream  flow.  The  reservoir  l)asin  is  very  flat  and  swampy 
and  it  is  estimated  that  the  area  of  the  valley  is  about  8,500  acre.s, 
and  that  a  dam  M  feet  high  would  give  a  capacity  of  100,000 
acre-feet.  The  river  flows  through  a  narrow  canyon  of  basaltic  rock 
at  the  dam  site.  The  land  in  this  reservoir  site  is  largely  public  and 
has  l>een  withdrawn  for  a  reservoir.  The  site  is  of  very  substantial 
importance. 

Clear  Lake  reservoir  site  is  situated  on  the  southern  branch  of  Lost 
River,  and  above  Clear  Lake  the  stream  is  known  as  Willow  Creek. 
The  drainage  area  of  Willow  Creek,  above  Clear  Lake  dam  site,  as 
IBB  14(i — 05  M 7 
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ubtaiiKsl  fnnii  the  topngnqjliit*  >^lu*els,  is  577  squart>  iiiiles.  The 
uf  this  hike  as  shown  on  ilw  toptigrHphit'  shiH4  is  lii^  squurt-  mi! 
or  HJiiH)  lUTrs,  A  (hun  M)  ft^ot  hi^h  t\{  <lum  site  Ik4ow  the  h 
would  pi'ohalily  hold  half  a  itnlHon  atrn*  ^*t*t.  The  daai  site 
in  H  ninyon  of  volnuiif.'  roi-k.  Ap]>jin*nlly  tliere  are  exrtdhnit  j^p 
wny  opportuiuti**s  nml  prolmhly  th*^  tlan^  rotdtl  be  \n*st  eoiistrtiei 
of  f*arth  a  Hi]  loost^  roek*  There  is  a  very  pronounced  publie  upiui 
to  the  elfert  t!»al  the  prini'ij*al  i^nppiy  ftir  Tjo^I  River  euiiies  do' 
Wilhnv  Creek.  The  prudes  into  (Mear  Lake  arc  very  sinf^ul 
Willow  Crerk  in  flood  tlist4iarge  overn<»ws  iitio  Clear  I^ike,  hut 
llie  same  time  n  lar*;:r  portitni  of  iliis  wuttM*  pas><*\*^  down  Ijost  Hiv 
When  tile  i-reek  falls  Clear  Luke  U^gins  dnniun^itito  Lost  River  a 
disehar«*i»s  throngh  its  intake  eiianueh  Tlie  aii^a  i»f  CK*ar  IjaJ 
aceording  t*>  laiul-otH<T  survev?*,  is  lJ,ii(K)  nen»s.  The  area  of  adjaor 
i-wainps^  aceortlin^  lo  survey,  is  lo,(KK)  aeres.  The  drainage  Im 
atKJve  the  lake  is  covered  l*y  ft  sian>'e  ifrowth  of  pine  ireej*.  T 
elrvaiitJii  t)f  the  hike  is  4JylVA  U*iA,  aeeordin^  to  the  emit  our  niu{ 
The  rise  of  the  lake  during  the  past  whiter  would  indie^ite  nn  inflt 
of  about  1*jU,0()0  a  err -feet  ailditional  to  the  disi^iarge  of  Last  lU 
whieh  was  continuous  dnritjg  the  infhnv  peri*>tL 

Ijiist  Kiver  dis('harp*s  luw  Title  fjake,  the  nrea  of  which  is  1*0^0 
aeres.  During  the  liast  wintiT  th*^  lakf  lunl  a  net  ris**  of  7  fivt,  in* 
eating  an  inflow  of  HHO,fR)0  a  c  it -feet.  The  past  winter,  howeV" 
wan  one  of  lumsual  rainfalL  The  evaporation  in  thia  region 
iK'Heved  to  l>e  aljout  ^h  fwt*  As  this  lake  maintains  an  area  uf  abci 
1K),(HK)  aert^s,  this  would  indicate  a  uwnn  ainnial  net  flow  of  1^ 
River  of  Hirj,(HK)  a  ere- feet.  This  agrees  with  a  staleinent  as  to  t 
usual  aiuuiid  rise  (jf  Tule  Lake,  There  is  the  op[>ort unity,  both 
(Mear  liiike  and  IIofr*  F!y  Valley,  to  hold  over  water  from  wet 
dry  years.  It  woidd  mh'ui  n^as(and>3e  to  expect  tiuit  iiOO,0(X)  a  ere- ft 
amnially  nught  be  obtained  from  these  two  reservoir  sites.  The  wat 
from  thes4^  reservoir  sites  would  naturally  be  us*:d  ou  Laugells  Valle 
which  contains  about  12,000  at^res  of  irrigable  huid:  Pot*  Valley,  eo 
taining  lOJJOO  acres;  Swan  Lake  Valley,  :K).(K)0  arres;  Alkali  Valle 
20, (MX)  acres;  7!Li,000  acres  in  nil.  These  an^is  are  gross  and  on 
roughly  api>roxinnite,  ami  probal)ly  will  tn*  inereased  by  a  detiiil 
investigation.  It  would  si*em  reasonalde,  hinvever,  to  consider  th 
thest*  two  reservoir  sites  can  irrigate  all  the  nielerlying  agricultur 
lands  in  the  VaHeys  nameth  I'here  is  practically  n<*  public  laud 
Poe  Valley,  some  public  hind  in  Laugells  \'alley,  antl  fpiite  a  h\ri 
anunnit  tif  pTd)lie  land  in  Alkali  and  Swan  Lake  vallevs. 

As  previfKisly  stated*  the  fi<jod  waters  not  impouutlcd  in  Horse  F 
and  Clear  Lake  reservoirs  could  be  diverted  into  Khtmath  Riv 
and  away  from  Tule  Lake. 
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IRRIGABLE  LANDS. 

Butte  Valley. — Butte  Valley  is  in  Siskiyou  County,  CaL,  adja- 
^nt  to  the  northern  line  of  the  State.  It  is  roughly  estimated 
hat  it  contains  over  100,000  acres  of  agricultural  lands,  including 
xxne  10,000  or  15,000  acres  of  Government  land  in  the  southern 
portion.  The  elevation  is  about  4,200  feet,  between  150  and  200  feet 
ibove  the  level  of  Lower  Klamath  Lake.  Butte  Creek  and  Antelope 
uT^iA  flow  into  this  valley.  The  midsummer  water  supply,  how- 
ever, is  quite  small  and  is  used  for  irrigation.  There  would  be  an 
ibundant  water  supply  for  pumping  from  Lower  Klamath  Lake, 
ind  a  great  abundance  of  power  obtainable  from  Klamath  River  for 
ifting  this  water  into  Butte  Valley.  The  question  as  to  whether  it 
s  commercially  feasible  to  do  this  is  not  yet  ascertained,  but  the 
Mr'ithdrawals  of  public  land  along  Klamath  River  for  the  purpose 
>f  generating  power  pending  this  investigation  are  believed  to  be 
ustified. 

Tule  Lake. — ^Tule,  or  Rhett,  Lake  has  an  area  of  90,000  acres,  sup- 
plied from  the  inflow  of  Lost  River.  Tradition  states  that  at  times 
n  the  past  the  lake  has  been  almost  dry,  that  teams  have  crossed  over 
irery  considerable  portions  of  its  area,  and  that  sagebrush  stumps 
ire  found  in  the  lake.  If  Lost  River  water  can  be  mostly  impounded 
n  reservoirs  and  the  surplus  diverted  into  Klamath  River  by  lower- 
ing the  outlet  of  the  river  at  Keno  and  by  throwing  a  levee  across 
Lost  River,  there  practically  will  be  no  other  supply  into  Rhett 
Lake,  and  with  an  annual  evaporation  of  3^  feet,  it  is  believed  that 
the  lake  would  rapidly  shrink  in  area  and  uncover  a  large  area  of 
land.  It  is  a  fresh- water  lake.  This  lake  is  interstate  and  navi- 
^ble,  but  is  only  slightly  so  used.  The  margin  of  the  lake  is 
meandered  by  the  land  office.  If  the  lands  that  are  uncovered  are 
public  lands  that  could  Ix;  disposed  of  under  the  reclamation  act, 
they  could  be  very  easily  irrijjated  by  means  of  a  diversion  canal, 
either  from  Klamath  River  or  from  Ijower  Klamath  Lake.  This 
is  a  subject  that  will  require  legjil  opinion.  Tule  Lake  is  an  inter- 
atate  navigable  lake,  and  could  only  l>e  drained  by  Congressional 
permission.  In  January,  1J)05,  the  States  of  California  and  Oregon, 
by  legislative  act,  relinquished  to  the  United  States  any  right  or 
title  that  they  might  have  had  to  lands  in  these  lake  beds,  with  a  pro- 
viso that  these  lands  are  to  be  dispostnl  of  under  the  terms  of  the 
rex^lamation  act. 

Lower  Klamath  Lake, — Lower  Khunath  Lake  has  a  water  surface 
:)f  29,400  acres  and  a  swamp  and  water  surface  of  88,300  acres.  If 
the  outlet  from  the  lake  at  Keno  can  Ihj  lowered,  as  previously  sug- 
gested, the  greater  portion  of  this  swamp  land  can  be  drained,  and 
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pn»l>al>ly  ^i  hirgi*  port  ion  cif  iln^  hiki*  ImhJ  itnt'lf.  This  liiko  isn  inl' 
stnti*  and  !iiivipil>lt%  anil  umhI  fomtnercially  f«r  iuivt|riiliojK  '1 
^itimtitHi  is  a  itnptiiuitr  of  t)iii4  iit  Tiilt*  I/ik(\  ninl  If  thi'^t*  lander 
Ix*  ilrairiHl  tbtn'  ntn  Ui^  nnidily  irri^ulinl  fnaii  Klniualh  Kivtu*.  T 
i^wmnp  landn  nif*  all  in  iirivaio  (nviRn'stiip,  title  having  lieeii  a. 
vvyi^d  hy  the  K(nN\ 

Thv  ai't*n^  ((f  tlie  Imdn  of  tht'N?  two  Uik**s  that  might  Ih^  iina*vi*n 
as  »*ugp?sted,  an:  niU  detitiiti^ly  known  as  yet,  and  tire  being  ihh 
mine^d  hy  sNr\'t'y,  I  nit  it  would  stHiu  w^ilhlii  nnisonablr  tilllil^^  Co  s 
that  thore  iiUj^ht  Iw  from  5(1,000  Lu  TrstKM)  unvs  uf  puhlir  Imi^ 
rt'cl 

/v 

not  yet  lKH*n  in\'<^sti^at«Hl,  in  it  it  i^  iepoj'h*d  tliat  ihori*  ait*  lar 
areas  of  irripable  hinds  thennn,  aiu)  thif^  will  be  made  a  f^iibjiH't 
futuiT  stiKly.  Parti<'idar  adi'Jkiion  is  rnlli'd  U>  tho  (net  that  t. 
Hi  at**  of  Oi'cgon  hns  a  lOaini  i>endiiifr  ijj  i-ourt  fur  the  swamp  hnr 
sh6w*n  as  the  Klatnath  Marsh  uti  the  Klamath  qinnh'angte,  wbii 
hiiulsaiv  in  the  tiirlnia  ivHi»rration 

Land  v*ifhtlrtunds, — It  wiis  doemod  advisiibk*  lo  withdrnw* 
knust  tem[>nrflrily,  all  pnl^lic  lands  in  tlie  Clt*ar  Lake  and  IIoi>«  F 
iTst^rvoir  nites,  th**  j)ublie  lands  ahm^  Khuaalh  l{ivt»i%  titi<I  i«U( 
townships  as  contained  public  irripdik'  lands.  If  tlie  IkhIs  of  this 
nflvigahk^  lakes  are  pnl)lir  landn^  as*  is  Ixdieved  to  l>e  the  casi\  it  tti 
prolmlily  be  fKissible  ttj  recbnni  ltM),(M)0  aeres  (^f  jntblie  land  in  add 
tion  tci  n\  f'l   1 50.00f)  aeres  of  pii  \  uiv  XwwA  ww^li^r  I  his  pnijt*e( , 

Smnmary, — I'he  following  is  a  very  rough  estimate  of  the  gro: 
irrigable  areas : 

Irrif/abJc  from  Clear  La  he  ami  Horse  Flu  reservoirs, 

Aeres.  Acn 

LangoHs  Valley 12,  (XX) 

Poo    Valley 10,  tKK) 

Swan  Lake  Valley ;{0,  (XX) 

Alkali    Valley 20.000 

Total  72,0 

Irrigable  from  KiamatJi  Hirer. 

Between  Klamath  and  Merrill ('»0,000 

From  Merrill  to  Carrs 10,  (KK) 

Bed  of  Tule  Lake r»0,(MK) 

Bed  of  Lower  Klamatli  Lake 20,  (MX) 

Total   140.0 

Butte  Valley,  irrigable  by  pumping 1(X),(> 

Total 312,01 

The  water  supply  is  believed  to  be  adeiiuate  for  this  irrigation. 
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EXISTING   CANALS. 

A  canal  has  been  constructed  fi*om  I^wer  Klamath  Lake,  near  the 
State  line,  for  the  irrigation  of  the  north  shore  of  Tule  Lake.  This 
is  the  largest  canal  in  the  district.  Its  manager  is  Mr.  Frank  Adams, 
post-office  address,  Merrill.  The  writer  has  talked  with  Mr.  Adams 
and  with  other  owners  of  the  canal,  and  they  state  that  all  they  wish 
is  water  for  their  lands,  and  that  they  will  be  pleased  to  have  the 
Government  enter  this  field  and  to  turn  over  their  canal  systems 
to  it. 

Another  canal,  diverting  between  GOO  and  1,000  inches  of  water, 
near  Klamath  Falls,  irrigates  some  5,000  or  0,000  acres  of  land  be- 
tween Klamath  Falls  and  Lost  River.  The  ditch  was  constructed 
some  years  ago,  and  .has  passed  through  bankruptcy;  the  United 
States  has  an  option  for  its  purchase  for  $50,000.  There  are  also 
one  or  two  small  irrigation  ditches  in  Poe  and  Langells  valleys. 

Alx)ut  January,  1904,  the  Klamath  Canal  Coini)any  was  organized 
for  the  purpose  of  constructing  a  canal  from  Upiwr  Klamath  Lake 
toward  Tule  Lake,  paralleling  the  largest  existing  canals  in  this 
region  at  some  10  or  15  fwt  higher  elevation.  W.  K.  Brown  is  man- 
ager. The  company  entered  into  contracts  to  furnish  water  to  land 
owners  southeasterly  from  Klamath  Falls  and  along  the  existing 
canals  at  $10  an  acre,  with  $1  jjer  acre  annual  rental.  Their  water 
contracts  are  severe.  At  present  this  corporation  is  constructing  a 
tunnel  4  by  7  feet  in  section  out  of  Upper  Klaiqath  Lake,  the  inten- 
tion being  to  widen  this  tunnel  to  such  dimensions  as  may  be  required 
by  the  contracts  that  are  ulliiuately  entered  into.  They  have  pur- 
chased some  land  and  succeeded  in  signing  up  for  water  for  about 
20,000  acres  of  land,  their  field  of  oj)eration  covering  some  00,000 
Pcres.  This  canal  coni])}uiy  at  present  is  very  active  along  promo- 
tion lines,  and  is  working  a  larg(»  force  of  men  on  the  tunnel  in  ques- 
tion. They  l)egan  work  about  August  1.  They  ('xj)ress  very  great 
dissatisfaction  and  regret  over  the  fact  that  the  Reclamation  Service 
is  making  investigations  in  this  section,  as  it  will  interfere  with  their 
l)rogramme,  and  have  endeavored  to  liave  orders  issued  by  the  Secre- 
tary of  the  Interior  to  suspend  tli(»  surveys.  The  principal  men  of 
this  region,  however,  outside  of  this  eorj)onition,  seem  to  be  of  the 
opinion  that  public  irrigation  works  nn»  d(»sirable,  and  have  presented 
numerous  i)etitions  to  this  effect  to  the  Service.  The  Reclamation 
Service  will  not  proceed  unless  the  people  of  the  region  desire  it.  The 
withdrawals  made  were  only  for  the  purpose  of  giving  the  Reclama- 
tion Service  an  opportunity  of  investigating  the  country  suffieij 
to  determine  whether  tluM-e  was  any  occasion  for  the  rotiHlructT 
public  works.     These  withdrawals  were  considered  necesibiu'j'i  a^ 
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Klamath  Canal  Company  were  filing  on  streams  and  endeavoring 
to  file  on  the  Horse  Fly  and  Clear  Lake  reservoirs,  which  filings,  if 
perfected,  might  prevent  the  Federal  Government,  or,  for  that  mat- 
ter, any  other  irrigation  enterprise,  from  doing  business  in  this 
region. 

It  would  hardly  seem  reasonable  that  the  Reclamation  Service 
should  have  stood  aside  for  a  corporation  that  was  not  irrigating  aii 
acre  of  land,  and  that  did  not  have  a  mile  of  ditch  or  canal  cod- 
structed,  and  leave  to  this  corporation  the  reclamation  of  over  300,000 
acres  of  land  lying  in  3  counties  and  2  States,  the  source  of  water 
supply  being  both  interstate  and  navigable,  and  a  large  part  of  the 
land  being  in  the  beds  of  navigable  lakes. 

TRAINING  ASSISTANT8  IK  OFFICE  AKD  FLBIiD. 

By  G.  H.  Matthes. 

That  much  of  the  future  success  of  the  Reclamation  Service 
depends  upon  the  ability  of  its  engineers  and  the  manner  in  which 
the  younger  men  are  trained  hardly  needs  to  be  pointed  out  The 
question  which  arises  in  this  connection  may  be  propounded  as  fol- 
lows: When  and  to  what  extent  are  we  to  train  our  men?  While 
the  question  is  not  one  which  admits  of  a  direct  answer,  and  I  would 
not  presume  at  this  time  to  outline  a  definite  procedure,  I  desire  to 
review  a  number  of  points  of  particular. interest  in  this  connection, 
drawn  from  my  personal  experience  and  obst^rvation. 

In  the  organization  of  the  Reclamation  Service  a  vast  corps  of 
men  have  l)een  taken  into  the  Service,  most  of  whom  have  receive<l 
a  moiv.  or  less  technical  training,  some  Ixnng  graduates  of  univer- 
sities and  technological  schools,  while  others  are  self-made  engi- 
neers. It  may  be  assumed  from  their  statements  of  past  experience 
and  from  the  civil-service  examinations  which  the.se  men  have 
])assed  that  they  are  qualified  to  do  certain  kinds  of  work.  The 
examination  papers  furnish  little  or  no  clue,  however,  as  to  ability 
and  personal  merit.s,  and  when  the  men  enter  the  Service  they  can 
only  tentatively  be  assigned  to  such  work  as  they  seem  to  be  best 
fitted  for.  The  next  step  is  to  bring  out  their  lx»st  qualities,  advance* 
tlieni,  and  make  Iwtter  employees  of  them.  From  my  personal  ob- 
servation I  find  that  the  younger  men  are  most  easily  molded  into 
something  Ix^tter.  They  are  generally  quick  to  grasp  new  things 
jind  adapt  themselves  to  their  new  environment  with  its  many  rules 
and  regulations.  Their  schooling,  if  it  has  lx»en  of  the  modern 
university  standard,  enables  them  to  study  out  problems  and  new 
features  in  a  scientific  manner,  independent  and  unconscious  of  the 
routine  and  stereotyped  methods  of  older  engineers. 
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With  the  older  men  it  is  a  different  matter.  Previous  experience 
gtiined  elsewhere  and  the  practice  .and  methods  with  which  they 
have  been  in  contact  for  years  have  caused  them  to  fonn  definite 
ccmclusions  as  to  enginwring  and  business  practice,  as  well  as  a  mul- 
titude of  preconwived  ideas  regarding  the  new  work  l)e.fore  them, 
which  in  many,  though  not  all,  cases  may  be  regarded  as  obstacles: 
preventing  them  from  readily  falling  in  line  and  adjusting  them- 
f«lves  to  the  routine  of  the  new  order  of  things.  That  their  past 
experience  has  been  in  many  ways  of  great  value  to  the  Reclamation 
Service  is  not  here  denied.  Tlie  fact  remains,  nevertheless,  that, 
other  things  being  equal,  the  younger  the  man  the  better  the  chances 
for  developing  him  into  an  engineer  specially  adapted  for  our  par- 
ticular class  of  work.  To  repeat  an  old  saying,  "  It  is  easier  to  learn 
than  to  '  unlearn.' " 

It  sometimes  happens  that  an  enginei*T  who  has  entered  the  Serv- 
ice and  previously  had  a  good  exi>erience  in  a  certain  class  of  work 
Ls  placed  on  similar  duties  in  the  Reclamation  Service  as  a  natural 
outcome  of  his  peci\liar  fitness  for  that  particular  work,  and  that 
he  is  given  practically  no  opportunity  for  branching  out  in  other 
directions  and  generally  broadening  himself.  Conspicuous  cases  of 
this  kind  have  come  under  my  notice,  and  they  are  usually  to  be 
ascribed  to  inevitable  conditions  which  can  not  be  readily  remedied 
except  as  opportunity  offers.  The  men  in  such  cases  have  not  been 
able  to  improve  and  advance  themselves,  and  promotion  has,  of 
necessity,  been  slow,  or  has  not  ijeen  made.  Cases  of  this  kind  are 
unquestionably  a  detriment  to  the  Reclamation  Service  as  well  as  to 
the  individuals  thems<»lves. 

In  order  that  an  employee  may  Iw  promoted  and  become  a  valuable 
man  to  the  Service  it  is  necessary  that  he  should  be  trained  to  do 
more  and  more  advanced  work,  and  be  given  opportunity  for  study 
and  self -improvement.  The  Reclamation  Service  is  not  a  tech- 
nological institution,  nor  are  the  principal  engineers  teachers  dis- 
pensing free  information,  "^'et  to  train  men  right  re<iuires  personal 
attention.  Those  who  are  in  charge  of  work  und  in  more  or  less 
immediate  contact  with  the  younger  men  have  a  duty  to  fulfill  in 
this  respect  which  requires  thought  and  judginent.  Probably  among 
the  first  things  that  the  new  man  turns  his  attention  to  is  the  l>ook 
of  regulations,  and  it  may  Ix*  said  here  that  it  is  beyond  the  average 
human  intellect  to  remember  regulations  from  the  mere  reading  of 
them  and  that  i)ractical  application  is  after  all  the  only  means  for 
impressing  them  jx»rmanenlly  on  the  mind.  The  sooner  new  men 
are  made  acquainted  with  matters  pertaining  to  vouchers,  reports, 
etc.,  through  actual  practice*  the  soont^r  will  they  lx»come  proficient  in 
the  use  and  knowledge  theieof.     I  fin<l  that  after  a  man  has  spent 
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s^'imo  tiait*  on  tht*  UkjU  of  n^giilntionw  mid  tlit'  lar^*  nutnl?cr  of  cirm* 
Inr^  muod  hv  the  WuHhin^on  uffin*  they  coasc*  to  intikc  iiii  iiupr^ 
nmn  on  him  iiijt(*?^s.  ns  shitrJ  Mbove,  ht?  hus  cwcatjiou  t«  kiH'p  ii[i  fe 
illU'ivst  thn^ugh  [^nii'lit'ii]  hiipHositiou. 
^vlu  a  nu'ahiiri*  it  is,  t[H»rc*fon*,  ii^'lrss  la  try  to  luitke  tho  y<inii|jt*r 
^lon  fjimiliiir  witli  all  n-^uliitioris,  nnd  only  tJu*  unm^  impart  a  lit  orjps 
slum  111  Int  brou^^lil  to  ilM'ij*  »Hi*ritloji  n^  on*asif>n  n'tjiuiY*^,  Well 
tH|(iip|HMl  linlloliii  iKuirds  {wsttnl  in  t'onspirnnns  plar^s  in  the  wtsstcni 
(jt!ic4*s  and  ]a*]A  u]\  to  dufp  will  Im^  fi>nnd  great  aid**  in  tht^  d]rt*rtion« 
Regulations  of  h»eal  ini]>ortanee,  issued  by  the  district  c*n|*;inetn\  t^ii 
also  in  this  manner  Ik*  brought  to  the  attention  uf  the  m^n,  wlio 
should  be  held  rc^sponsible  for  roadin^r  and  noting  all  nnitter  po 
posted,  A  placi^  on  tlu*  bulletin  board  should  be  reservL'd  htr  pff** 
bulletins  «iid  win^kly  progranitnes, 

Text-l>or*kK,  reportn  of  the  Herlamation  Servitv,  Water-Supplv 
Papers*  sjMTiat  re  [►oris,  nnil  jvlans  prepared  for  olher  i>n>ji*i*ts  wn* 
verj*  n^efii!  and  constitute  tlu*  best  infonnntitai  that  rm\  W  htxiiij^lit 
l>efore  our  jik'ii.  Hnl  heiv  will  be  f<tund  a  seriottr^  sttnnldiiig  hliK'ii: 
the  njen  as  a  rule  have  not  time  to  study  or  n^ad  to  ariy  ^retit  exteat* 
thifi  being  e-sjweially  true  of  thti  field  men*  At  the  idose  of  n  long 
day's  work  out  of  (hwirs  they  are  tired,  inul  after  siiiJp(*r  no  dt^in' 
is  TUiJiiifestod  to  s^^ttle  lUtwM  to  hard  studying.  Men  who  are  out  on 
Burvev!^  dnring  Bix  nimiths  of  the  year  do  not  improve  much  mtrf- 
leetuully,  exeep(in^^  in  so  fur  as  th<*  details  of  their  fiehl  work  is 
coneeriied.  It  is  furtln^r  true  that  the  more  men  an*  bn>uglit  toixether 
in  camps,  socially,  the  less  the  opportunity  for  study.  This  is  a 
serious  drawback  to  held  work  and  c^amp  life. 

The  men  who  are  located  at  points  where  offices  are  being  main- 
tained have  a  great  advantage  in  this  respect  over  the  field  men,  and 
get  nnich  opportunity  for  studying.  This  is  particularly  true  of  the 
Washington  office,  where  the  library,  maj)  collections,  magazines, 
and  office  files  present  an  almost  inexhaustible  source  of  information, 
and  where  the  young  engineer  possessed  with  junbition  and  love  for 
his  profession  will  find  study  a  pleasure.  This  pleasure,  or  more 
strictly  speaking  o])portunity,  is  denied  the  men  working  in  the 
field,  and  there  exists,  therefore,  a  necessity  for  shifting  the  latter 
from  the  field  to  the  office  nnd  back  again  whenever  the  nature  of 
their  work  and  circumstances  warrant  this.  Many  of  our  field  men 
wdio  have  never  served  an  apprenticeship  in  the  Washington  oflice 
have  a  most  hazy  conception  of  what  constitutes  a  (lovernment  office, 
its  relation  toward  the  public  on  the  one  hand  and  toward  Congress 
on  the  other.  Their  lack  of  knowledge  of  oflice  routine,  insight  into 
administrative  work,  and  the  necessity  for  system  and  so-called  ""  red 
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tape  "  sometimes  borders  on  blissful  ignorance.  Yet  these  are  matters 
that  should  be  instilled  into  men  from  the  start,  as  they  constitute 
the  kind  of  knowledge  which  can  be  assimilated  by  small  degrees  only. 

Doubtless  it  devolves  upon  the  district  engineers,  who  are  con- 
stantly in  touch  with  the  younger  men,  to  train  them  and  in  a  measure 
to  teach  them.  They  are  in  a  position  to  tell  the  men  what  books  to 
read,  what  authorities  to  consult,  and,  last  but  not  least,  they  can  lay 
out  the  work  of  their  assistants  in  such  a  manner  that  they  may  gradu- 
ally be  made  familiar  with  a  variety  of  duties,  broadening  their 
minds  and  rendering  them  more  and  more  valuable  to  the  Service.  It 
app>ears  to  me  that  district  engineers  should  have  in  mind  the  edu- 
cation of  their  assistants  if  for  no  other  reason  than  that  upon  their 
recommendation  depends  in  a  large  measure  the  promotion  of  the 
assistants.  Briefly  stated,  the  district  engineer  should  be  best  fitted 
to  judge  of  his  assistant's  capacity  and  ability  by  knowing  what 
studies  that  assistant  has  been  pursuing  in  connection  with  his 
regular  work. 

At  Lawton,  Okla.,  I  made  it  a  point  to  install  electric  lights  suffi- 
cient to  enable  my  assistants  to  study  evenings.  The  various  text- 
books owned  by  the  different  men  formed  an  excellent  nucleus  of  a 
library  of  epgineering  knowledge.  Several  of  the  irregular  em- 
ployees have  taken  up  courses  of  study  in  engineering  subjects  with 
leading  schools  of  correspondence,  and  I  have  always  encouraged 
w^ork  of  this  kind  as  being  to  the  best  interests  of  all  concerned.  Even 
with  these  advantages  the  amount  of  studying  done  after  hours  has 
been  comparatively  little,  and  during  the  hot  summer  evenings  it 
was  practically  nil.  In  summary  it  may  l>e  said  that  the  average  man 
can  not  study  unless  he  is  in  the  right  mood,  and  to  obtain  the  latter 
the  conditions  should  \ye  favorable,  in  ])roviding  which  the  district 
engineer  can  be  instrumental  to  a  large  extent.  Much  will  deptmd 
on  local  conditions,  of  course,  and  I  realize  that  my  remarks  as  drawn 
from  my  own  observations  may  not  In?  applicable  in  all  cases  and  may 
require  mollification. 

In  conclusion,  I  desire  to  submit  for  consideration  and  criticism  a 
list  of  text-books  which,  it  is  believed,  should  be  owned  by  every 
engineer  or  assistant  in  the  service  who  aspires  to  a  higher  position. 

l-HCful  iext-hookM  for  cnu'niccrs. 

Trautwine'8  Civil  Engiiu»t»r*8  Pockot  Ikx>k. 
Searle*R  Field  EiiKineering. 
Carnegle*8  Hand  Book. 
Wilson's  Toi)ographic  Surveying. 
Merriman's  Hydraulics. 
Baker*8  Masonry  Construction. 
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Baker *(i  HoiuU  nu4  l^uvinetits, 

Fi>lvveirs  WiilH*  S(iH]»Jy  KTij.;kief*fing. 

Mdllor  aijil  ncurtrti  Mniiual  for  ReitUieut  EiigliieeriSL 

Vi^ifii'i!^  l^igiM'ilhiii}4, 

WtiKijirK  Irri^aUuii  Kii^iiH'tTiu^, 

VVi»Hlijn'M  *!'sihJ('8  of  Ki'ktbHi  nf  Wjit^r  hi  rij***!*. 

juh/iHotrH  Kii|L^[ii4tTiij|£  ("oiLtrMrtK  find  8i>tH4tit'tithvus. 

Mt*rrltN»H  Jiiitl  JfM»f4>y*?4  Tt*?ct'Hi>f>k  of  Roofs  aotl   Brlc|Ke& 

Al!vu*ti  Hiillnnul  Cxirvf*  nwX  KarlLiwork* 

FrlzeH'H  U'nter  Power. 

FoKter*tt  P:ipi*irUnil  Kiif«lJH*t*r'H  tHK^ket  Book. 

Pttttoii'ii  Founf!fltl*mi*. 

Johni^irH  Matftrl^^lr^  of  CoiieitrutHloii. 

E^rrtie'H  Inst>ectiQU  of  Mntcrhil  and  Workmnnjilitp* 

NECESSITY  OF  DRAIXI^G  IIIKIGATEI}   I^AXB, 
By  TuoH.  IL  Means. 

The  necessity  of  ilrnining  agricultural  lands  has  long  l>ec*n  felM 
in  many  pin  res  fh-jiiiiagi*  is  extimsively  carritHl  on.  Drainage*  ii^ 
rulp  rather  than  the  exception  on  the  lietter  furms  in  tho  St4it*?s 
Ohio,  Indiana,  and  riHnoi.M>  In  irrii^atwi  distriet.s  pnictieally 
drainage  works  have  l>een  built,  and  tho  necessity  of  drainage*  i^ 
^^enerally  recognized,  despite  the  loss  of  large  areas  of  Imid  by  m 
age  waters  and  rise  of  alkali  in  many  places* 

Asidt*  from  (lie  necessities  i^f  drainage,  which  every  engineer  api 
ciates,  there  are  a  ninnl>er  of  reasons  from  the  standpoint  of 
phmt  which  are  not  si>  well  known.  Ah  we  are  building  wurks 
irrigation  of  land  on  whicli  to  grow  plants,  it  is  well  to  eonsi 
how  these  are  affected  by  drainage  and  what  reasons  they  adva 
for  ilrainage. 

The  jriajority  of  plants  in  common  nse  by  American  farmers  h 
l>een  develofHHl  from  wild  si>ccics  through  long  years  of  select 
tin*  most  dei^irable  iudividnals.  Agricidtnre  has  developed  on  < 
lands,  using  the  term  in  contradistinction  to  swamp  lands.  V 
few  plant^s  can  grow  Avith  roots  in  standing  water?  the  gi'eater  nnm 
attain  their  most  satisfactory  development  in  soils  containing  a  m 
erate  amount  of  moisture.  This  quant ity  of  water  varies  from  5 
cent  to  30  \yi}V  cent  by  weiglit,  depimding  upon  the  character  of  the  B 
This  R mount  never  exti?eds  that  which  will  1m*  retiiined  by  a  w 
drained  soil;  all  moisture  remaining  above  (hut  which  will  dr 
away  is  in  excess  of  the  requirements,  an*!  is  detrimental  to  pro 
plant  growth. 

Plant  roots  need  water  and  air.    If  either  is  excluded,  ur  if  eithe 
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difficult  for  the  plant  to  obtain,  growth  is  checked  and  there  is  likely 
to  be  a  shortage  in  the  harvest.  Roots  not  only  need  air,  but  they  need 
fresh  air,  and  consequently  ventilation  is  desirable.  All  of  us  know 
how  difficult  it  is  to  ventilate  a  room  from  one  oi)ening.  Drainage  pro- 
vides a  second  opening  and  permits  the  more  ready  "  breathing  "  of 
soils  and  the  consequent  ventilation  of  the  spaces  around  roots. 

Bacteria  play  an  important  part  in  the  growth  of  plants  by  living 
in  the  soil  around  and  on  roots  and  assisting  in  the  chemical  changes 
which  are  needed  to  prepare  the  plant  food  for  the  roots.  In  many 
cases  the  bacteria  do  not  seem  necessary  to  plant  growth;  in  other 
cases  their  presence  and  activity  is  essential.  The  l^est-known  exam- 
ple of  this  is  in  the  case  of  the  leguminoste,  a  family  of  plants 
including  alfalfa,  clovers,  beans,  peas,  peanuts,  locusts,  vetches,  and 
others.  Bacteria  which  develop  on  the  roots  of  the  leguminosse 
have  the  faculty  of  obtaining  nitrogen  from  the  atmosphere  and  com- 
bining it  in  such  form  as  to  be  available  for  the  higher  plants.  The 
importance  of  these  minute  organisms  can  not  be  overestimated,  for 
nitrogen  is  the  most  costly  and  the  least  abundant  of  the  essential 
plant  foods  in  soils.  To  foster  these  helpful  organisms,  therefore, 
becomes  the  duty  of  every  farmer.  The  nitrifying  organisms  can 
only  live  in  jin  aerated  soil.  Stagnant  air  or  excess  of  moisture  pre- 
vents their  f0rming  the  nutritive  nitrogen  compounds  and  frequently 
encourages  the  development  of  other  species  of  bacteria,  which  act  in 
the  opposite  way  and  decompose  nitrogen  compounds,  liberating  the 
nitrogen. 

Wet  soils  are  colder  than  those  well  drained,  for  the  evaporation 
from  the  surface  uses  up  heat  and  the  presence  of  an  excess  of  water 
filling  the  soil  pores  prevents  the  circulation  of  warm  air.  Cold 
soils  retard  germination  of  seed  and  prevent  the  most  rapid  growth 
of  plants.  Drainage  removes  the  excess  of  water,  allows  the  pores 
to  drain,  and  permits  a  more  rapid  warming  of  the  soil  in  the  spring. 
Experiments  have  shown  drained  soils  to  Ih»  as  much  as  two  weeks 
in  advance  of  adjacent  undrained  fields. 

Aside  from  these  general  reasons  for  drainage,  there  are  in  the 
arid  regions  other  important  reasons  why  soils  should  l)e  drained. 
It  is  almost  impossible  to  apply  exactly  the  right  amount  of  water. 
If  too  much  is  applied,  the  subsoil  iKH'omes  saturated  unless  the 
natural  drainage  is  jjerfect.  If  the  natural  drainage  under  one  field 
is  good,  the  water  drained  away  from  it  nuiy  run  underground  to 
rise  at  the  surface  of  some  field  lower  down. 

In  its  movements  water  dissolves  and  carries  with  it  alkali,  which 
accumulates  where  the  water  evaporates.  Drainage  lowers  the  water 
surface  so  that  it  can  not  evaix)rate  at  the  surface  of  the  land  and 
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clt^jKisir  alkrtli;  *lniinap>'  romovf*^  from  Piirli  field  tlit*  c*\c(y=9s  af  wM 
aiipliocl  ami  provmits  druina^^  to  lowlands  by  those  higher  up, 

Hi^siilt^h  tlic  iirdial  moving  iiiuf  t-oiu-oii  I  rating  of  jdkali  salts,  whic^*] 
su  (»ftt*ri  otviirs  in  uinlniintHi  TuOds,  tlu'iv  is  hron^lit  ahuul  a  i>: 
harmful  clmudt'al  t:hangi*.  Stagnant  mils  jKiorly  fterateil  fi\*qu<*ntljt^ 
lK»cfaru*  clnirgiHl  wilh  hla(*Ic  alkali  or  stadium  rarUinat*'.  I>r»imi^ 
and  aeration  ])nHlnre  Hit*  oppobit^^  reaolinii  ami  rhange  llit'  sod i tan 
carbon  a  1 1*  to  k*ss  ha  nil  fid  Halts,  It  Ik  frininently  jKissihk*  to  ntclniin 
hlark-alkuli  IiukIh  by  simple  iienition  und  removal  of  thi*  t'Xt'i^ss  of 
watei'.  Wliei'o  tlit*  format  ion  td'  bkiek  alkali  has  gone  on  fur  a  gix^ai 
length  of  tjmi%  drahiago  alone  can  n<>t  ,siM>edily  accomplish  tlu^  ivcla 
mat  ion,  but  luust  be  :issi?f!ted  by  washing  out  the  excejis  of  sohiblf 
niatti^r. 

Many  other  reas«>nH  why  irrigated  lands  shonhl  In*  draintnl  can  h* 
given*  1ml  thef^e  are  ccjnsTd(*tV4]  tl)e  most  inipoHant.  One  familiar 
with  western  soils  luid  agriculture  needs  no  further  reaKJiis  to  show 
the  value  of  drailnlgt^ 

ALKALI  HOIliN, 

By  Tiiori.  II,  Mrax?i. 

Tbe  term  *' alkali"  or  ''alkali  *^iLs"  asi  commonly  used  in 
Western  Statics,  has  referents  to  soluble  matter  withiir  the  soil  ; 
dcK»s  not  ivfer  to  the  die  n  deal  properties  of  the  so  I  id:*  I  e  nnitter.  The 
choice  of  the  term  is  unfortnmite,  as  many  thiidt  it  refers  to  soils 
which  are  alkaline  in  a  chemical  sense.  11ms  frefpicntly  one  is  told 
that  the  stJil  contains  not  '"alkali/*  but  common  salt,  wldle  as  a  mat- 
ter of  hict  the  nuijority  of  western  farmers  include  all  soluble  salts 
in  the  gt^neral  term  '*  alkali,'- 

orcn:unKKt*i:  f>F  alkali. 

There  are  two  kinds  of  alkali  popularly  recognized — black  alkali, 
consisting  solely  of  sodium  carbonate  (washing  soda,  or  sal  soda),  and 
white  alkali,  including  all  other  solul)le  salts  found.  The  most  com- 
mon white-alkali  salts  are  sodium  chloride  (common  salt),  sodium 
sulphate  (Glaul)ers  salt),  sodium  bicarl)onate  (baking  soda),  nuig- 
nesium  sulphate  (Epsom  salt),  magnesium  cldoride  (bittern).  Small 
quantities  of  j)otassium  and  calcium  salts  are  found,  but  the  more 
abundant  calcium  salts  are  relatively  insoluble  and  the  amount  which 
is  in  solution  at  any  one  time  comparatively  small. 

This  soluble  matter  occurs  in  westein  soils  as  iho  direct  result  of 
rock  weathering.  In  many  places  the  soluble  matter  has  been  carried 
by  water  and  accumulated  in  poorly  drained  spots.     In  other  locali- 
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ties  the  alkali  is  distributed  throughout  the  soil  where  it  originated. 
Practically  all  rocks  contain  small  amounts  of  sodium,  potassium,  find 
magnesium,  held  in  insoluble  form  in  the  mineral  constituents.  The 
weather  influences  acting  upon  the  rock  bring  about  disintegration 
and  decomposition  or  a  change  in  the  chemical  arrangement  of  the 
atoms.  Certain  portions  of  the  minerals  during  decomposition  yield 
soluble  salts.  These  are  taken  up  by  percolating  waters  and. in  the 
humidr  States  ^ilmost  entirely  removed.  In  arid  regions  the  amount 
of  iKiccolating  water  is  so  small  that  the  soluble  salts  are  left  in  the 
soil,'iwhile  in  many  cases  that  which  is  removed  from  its  place  of  for- 
mation is  deposited  by  the  evaporation  of  the  waters  in  some  stream 
channel  or  alkali-lake  bed. 

EFFE(rr   UPON   PLANTS. 

To  have  any  effect  upon  plant  growth  matter  must  Ix*  in  solution. 
One  frequently  hears  the  statement  that  there  are  deleterious  sub- 
stances in  a  soil  which  are  not  soluble  and  which  can  not  be  removed. 
Fears  on  this  score  are  groundless,  for  a  plant  can  only  absorb  through 
the  roots  materials  dissolved  in  water.  Our  study  of  the  action  of 
alkali  salts  within  a  soil  is  therefore  limited  to  that  portion  soluble  in 
water. 

Certain  soluble  salts  are  poisonous,  to  plants  in  very  small  quantity. 
In  this  respect  they  act  very  much  as  poisons  do  toward  animals  in 
bringing  about  some  physiological  change  which  results  in  disease  or 
death.  Copper  sjilts  have  this  action.  Fortunately  they  are  almost 
unknown  in  waters  or  soils  in  agricultural  communities,  though  cases 
have  been  known  whcTe  wator  coming  from  mines,  mills,  or  chemical 
works  was  harmful  to  botli  plant  and  animal  life. 

Other  salts,  those  commonly  occurring  in  western  waters  and 
soils,  are  deleterious  to  jjlaiit  growtli  only  when  present  in  appreciable 
(|!Uintities.  The  effect  upon  j)lants  of  matters  in  solution  is  well 
known  to  all  who  have  studied  western  agriculture.  The  mode  of 
action  of  these  salts  is  unfortunately  not  so  well  known,  and  the 
principles  can  therefore  be  stated  only  in  the  most  general  terms. 
As  is  known,  the  roots  of  plants  are  made  up  of  cells  whose  walls  are 
absorptive  of  water  and  to  a  limited  degree  of  mineral  salts  in  solu- 
tion. These  walls  are  what  is  termed  *'  semipermeable  " — that  is,  they 
are  enabled  to  absorb  water  and  small  quantities  of  certain  salts,  but 
can  not  absorb  other  salts.  The  sohition  inside  a  cell  must  l)e  of 
greater  concentration  tlian  that  outside  in  order  that  absorption  of  the 
water  can  occur;  so  it  follows  tluit  when  the  soil  moisture  or  water 
around  the  root  cells  is  of  greater  concentration  than  that  inside,  the 
cells  can  not  absorb  the  moisture  and  the  plant  actually  die.s.  This 
fact  can  be  easily  illustrated  by  immersing  the  roots  of  a  growing 
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plant  in  a-  strong  Tj  jK^r  iTiit  solution  of  conunon  salt,  Tlie  plant! 
in  a  few  nHiiutt*s  will;  tlu^  loots,  instoadi^f  lakingup  w«tenact 
give  off  wat^r.  Some  hiich  action  as  thi«  oecuni  in  soil^. 
alkali  ^^at  in  u  fiold  is  uhstTviMK  thiMo  will  Ik*  sc^en  eertnin  j>i 
»^timtiM],  harilly  alivts  othei's  yc^ltowefl  nml  liHjking  us  though  wb 
was  stmnx?  ami  they  wmv  suffering  frxtin  a  cln Might,  whiie  a  lii 
farther  awuy  from  thi^  t^lgt*  of  tho  sjM^t  plants  arc*  tlourisIiiii|r'      J 

ThrtT  i>  n  ^nml  rungi-  among  intlivtilual  plants  of  oiic!  ^pecnc^ 
tjetweeii  tiifftuvnt  Hpecie*i,  Certain  planiH^  tiuch  as  siorglitiiti,  sii^ 
lKH*ts,  tlati*  pnhiis,  ami  pear's,  \\nvv  tht*  fariilty  of  witlist binding  lafj 
annnuits  of  alkali  salts  in  si.ilution  than  others  and  ai'e  for  ihajL 
1i*rineH  "alkali  irsistant.*" 

Sodium  carlKinati^  or  '*lilnrk  alkali,"  ha8  a  diffGrent  action* 
of  white  alkali.  This  salt  is  alkaline  in  a  cheniieal  i^nise«  or  riiud 
and  cnrnxl^  tlio  vt^gt^tahle  tissues.  Its  action  is  mfj^t  s**v<?ixs  rU 
i^nrfat*<«  of  tin*  ground,  wht>r»*  it  rorrnd<*s  the  bark,  killing  I  lie  platiS 
much  11k^  same  way  a  forest  is  tlesiroyod  by  "'  ringing*^  the  tt 
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The  amount  of  alkalt  whirh  is  allowable  in  any  soil  rarioii 
soil,  the  plarU  to  In*  gri^wrj,  ami  the  kind  of  alkali*     IV  state  ace 
ratoly,  thert^fore,  the  amomit  allowable  all  of  thew  factors  should 
known.     In  practice  the  most  general  figures  are  given,  with  alfal 
as  the  basis— that  is,  the  soils  are  graded  according  to  their  abilitr 
grow  alfalfa.     The  following  figures  may  he  given : 

Allowable  percentage  of  alkali  hi  sftUn, 


Effect, 

Whit  o  a  1  k&ll     Wb  i  t<?  a1 1r  n  a 

ualtH,  prill-    )    BftltH.  prin- 

cJjjmlly  Jiul-       c'i pally  ehlo- 

phat«w,                rid  tin. 

BlAckmlkm 
bonsteK 

GcmtX  for  ttll  croiM! .    ^ , . . , , . . 

Uootl  fur  alkali-rewstawt  crops-  -  -^ ^  ^ .   , 

Too  alkaline  for  crop  growth  , t^,  -  , . 

J%T  rtnt.            f¥r  cent* 
0.0-0.50       0.0^.25 
.50-1.00         .25-  ,60 

LOO-  -r            .00-  + 

1 

Fier€mt 

0.0  -1). 

.10-  , 

,so-- 

Upon  tills  basis  maps  showing  the  varions  grades  or  degrees  t 
alkali  are  const  rue  let  h  Thest^  maps  can  of  course  have  only  the  mo 
general  interpretation,  as  soils  in  the  field  are  so  spotted  in  charact 
that  complete  detail  is  inipossilde. 

In  the  classific[»tion  of  lands,  as  pursued  hy  the  Kcelamation  8er 
ims  soils  are  examined  in  the  field  in  determine  the  amount  of  alk« 
present.  The  total  amount  of  alkali  is  determined  by  taking  tl 
electrolytic  resistance  of  a  portion  of  the  aoil  saturated  with  wat< 
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^iire  water  is  almost  a  nonconductor  of  electricity,  its  conductivity 
lepending  upon  the  amount  of  soluble  matter  present.  Thus  by 
niowing  the  conductivity  of  the  soil  and  the  effect  of  the  solid  soil 
trains  it  is  possible  to  determine  approximately  the  per  cent  of  alkali. 
This  method  is  admittedly  not  exact,  but  by  using  certain  easily 
tpplied  corrections  the  rasults  are  sufficiently  accurate  for  all  practical 
purposes.  One  especial  advantage  of  this  method  is  that  the  results 
ire  arrived  at  on  the  field. 

The  amount  of  sodium  carl>onate  or  black  alkali  and  the  amount  of 
chlorides  present  can  also  be  determined  by  simple  methods  in  the 
ield.  A  measured  sample  of  the  saturated  soil  is  mixeil  with  a  meas- 
ired  quantity  of  water  and  an  aliquot  part  filtered  of  the  suspended 
natter.  The  amoimt  of  sodium  carbonate  is  determined  by  drop- 
ping in  tablets  containing  sodium  acid  sulphate.  The  presence  of 
^odium  carbonate  is  indicated  by  the  purple  color  which  appears  on 
idding  a  drop  of  phenol  phthalein ;  the  tablets  are  added  until  this 
.'olor  disappears.  In  a  similar  mamier  the  amount  of  bicarbonate 
ind  chlorides  is  determined. 

MOVEMENTS   OF   ALKALI   IN    SOILS. 

In  virgin  soils  the  bulk  of  the  alkali  salts  occur  at  about  the  maxi- 
mum depth  penetrated  by  moisture.  This  depth  varies  somewhat 
ivith  the  kind  of  soil  and  the  amount  of  rainfall.  Where  the  land 
s,  however,  very  wet  during  a  j)ortion  of  the  year,  as  in  undrained 
•iwales  and  lake  l)eds,  the  salt  is  brought  to  the  surface  and  left  as  a 
ivhite  crust. 

The  alkali  hidden  below  the  surface  is  the  most  dangerous  kind, 
for  it  is  frequently  hidden  so  as  to  l>e  unsuspected.  In  many  places 
it  is  down  10  or  12  feet  below  the  surface  and  comes  to  the  top  only 
ifter  a  long  series  of  years.  In  the  early  days  around  Fresno,  Cal., 
there  were  few  or  no  evidences  of  alkali  on  the  surface  of  the  land; 
water  was  from  ()0  to  100  feet  Ix^low  the  surface.  After  a  number 
jf  years  of  irrigation  the  water  rose  until  now  under  many  thou- 
sands of  acres  water  is  within  8  to  G  feet  of  the  surface  and  during 
parts  of  the  ifrigating  season  closer.  In  its  rise  the  small  amounts 
3f  alkali  scattered  through  the  subsoil  were  accumulated  and  brought 
to  the  surface  and  left  there  by  the  water  brought  to  the  surface  by 
capillary  action.  In  many  other  districts  the  same  story  may  be 
told. 

The  alkali  in  a  soil  can  move  only  when  in  solution,  and  so  its 
iiovements  are  governed  and  measured  by  the  movements  of  the 
ioil  moisture.  Two  kinds  of  movement  occur  in  a  soil,  movements 
:aused  by  gravity  and  movements  caused  by  surface  tension  (capil- 
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Ittiy  niQvenientH).  (iravity  inovtnnentH  occur  oiily  when  a  3oi| 
UiiiiH  SIT  I  i.^xc'CHS  of  w  liter  iiIkivo  tliiit  riH|iiirtHl  bv  phiiit  growth- 
tiiov(*iiM^nt  iH-niiM  ilk  \hv  Iiirj|i*r  paros,  nmi  holes,  inwi^'t,  mul  aili 
l)unows  and  to  a  niueli  smaller  extent  throu|jh  tho  *5iiiall  [x^rv  sp 
wlueli  niakt^  up  the  bulk  of  the  soil.  U  b  a  wf*II*kiiowii  fact  i 
nhtirint  liijy  soil  am  In*  uimU*  uion*  iniporvloiis  by  piidiiling.  1 
can  Ik*  explaituHl  liy  siiyiiig  that  hi  the  pucidliiig  thi*  lar^*  grai 
pore?^  a  IT  broken  up  ami  trnly  tlie  entailer  <.mpillary  poiH:^s  am  left. 

Tu  il  hist  rate  fht*  nu>v'**iiu'nts  of  vvMit'r  nrul  alkali  iii  a  soil,  let 
a5sun»e  a  typinil  cast^  of  a  toil  filtetl  with  lw>lli  p-avity  and  rjipill 
spares.  Irrigation  water  is  appli(*<]  at  th<*  surface.  The  wattT  si 
in  the  soil,  ^oin^r  n^^'^t  ni|iitlly  down  tlie  gravity  spaces  and  tieingc 
ried  laterally  intt>  tlie  smaller  pnivs  Isy  eapillary  action.  Wtlh  tli 
once  filled  all  motion  in  the  capillary  spaces  ceast**^  while  wa 
<"iinti lines  to  pasn  down  llinni^h  (lir  gravity  sprtees.  In  the  aj^nsg 
tljcivt^  gravity  spat%>s  iH^<njj>y  i>nt  a  small  per  cent  of  the  spai^*  ii 
mih  and  in  washing  them  the  snrfaee  eleanstnl  of  alkiili  in  bw 
snudi  pi*r  tnnit  t>f  I  In*  total  surfaee  n{  the  smil  ^ains.  If  th^  sup] 
of  water  at  the  snrfaee  ernitijiues,  the  inovenjerjt-s  downward  gQ 
and  ordy  a  small  pt*nentage  of  the  alkali  is  washed  out;  cHiiUim 
wasliinf^  only  serves  to  carry  «jff  the  tdkali  whi<'h  diffuses  out  fr 
tlie  line  pore.s  into  the  s|>an's  where  movt*naMU  is  tiiking  placet 

When  the  sn)^ply  is  cnt  off  from  the  surf  nee  and  llie  jjravity  ^pa 
tirain  fret^  of  excess  wnter,  the  snrfaee  tension  acts  upon  the  wii 
held  in  I  he  ca]  miliary  spaces  and  movement  in  them  commenees. 
the  surfact^  dries  tlit^  upward  movement  ctaitinues  ahnost  entin 
through  tlie  eupilliiry  sjiaces  and  ns  the  water  moves  so  does  the  alk 
upward  to  the  surface, 

Consith^ration  of  the  alxive  makes  it  phiin  why  alkali  seems  to  uk 
upward  easier  than  ilownward,  and  why  after  reix^ated  washi 
alkrtli  yet  remains  within  a  s(jil.  The  example  illustrates  the  imp 
til  nee  of  drainagi"  to  rapi<lly  remove  any  cxa^s  of  water,  wlii 
luijttht  otherwise  be  linaight  hack  to  the  surface  by  capillary  mo' 
ments  ami  as  it  i*omes  return  the  alkali  ti>  the  ^one  of  rcH*t  acti< 
The  deptli  to  which  drainn^e  should  lie  ciirrieii  dept^uids  up<*n  \ 
kind  of  s*ul ;  the  nbjecf  should  Ik*  t*^  lower  the  w  ater  to  such  a  def 
that  surface  tension  is  iimil>le  to  draw  the  water  back  to  the  surf  a 

REL.\TION   OF  OnAlKAflE  TO   AI^KAI.I. 

Drainage  solves  the  alkali  pnjfdeni.  The  removal  of  alkali 
a ecom p  1  i sheil  i r \  two  w a y s :  ( 1 )  I iy  w i 1 1 u  1  ni Vk' i 1 1 ^  f t*( >ni  a  soi  1  t 
w^ater  which  has  washed  throup:h  the  surface  soil  and  thus  removi 
part  of  the  alkali,  F'ach  irrigation  removes  a  small  ainoinit  of  alk 
and  the  soil  continues  to  hn prove  as  long  as  irrigated.    The  sect) 
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method  of  improvement  is  the  prevention  of  the  rise  of  alkali  salts 
which  lie  below  the  drainage  plane.  In  other  words,  the  drains  cut 
oflF  the  active  upward  movement  and  prevent  the  rise  of  the  alkali. 

The  Bureau  of  Soils  has  been  experimenting  for  several  years  upon 
drainage  as  a  method  of  reclaiming  alkali  salts.  The  work  of  the 
Bureau  has  clearly  demonstrated  that  drainage  will  accomplish  the 
reclamation  and  permit  the  farming  of  our  most  sterile  alkali  flats. 

UNDERGROUND  WATERS  OF  SOUTHERN  CAIilFORNIA. 

By  W.  C.  Mendenhall. 

The  greatest  population  and  the  highest  cultural  interests  in  south- 
em  California  are  concentrated  within  a  wide  diversified  valley  that 
extends  inland  80  miles  from  the  Pacific  coast  at  Santa  Monica,  and  is 
effectually  screened  from  the  Mohave  and  Colorado  deserts  by  the 
San  Gabriel  and  San  Rernardino  mountain  ranges.  These  high 
groups  protect  the  land  on  their  Pacific  slope  from  the  climatic 
extremes  of  the  deserts,  and  at  the  same  time  wring  from  the  ocean 
winds  the  moisture  with  which  they  are  laden,  and  which,  in  the  form 
of  perennial  streams,  makes  possible  the  high  state  of  cultivation  that 
has  given  some  of  the  adjacent  agricultural  lands  values  of  from  $500 
to  $2,000  per  acre.  Yet  the  rainfall  is  low — from  10  to  20  inches  in 
the  valleys — and  this  and  its  concentration  within  a  few  months  of 
the  year  are  conditions  which  demand  irrigation  to  insure  crops  even 
of  grain  and  hay,  and  make  it  imperative  for  the  much  more  valuable 
citrus  lands,  walnut  groves,  and  gardens. 

EARLY    IRRKJATION. 

The  practice  of  irrigation  was  begun  early  in  the  century  by  the 
missions,  before  a  general  settlement  of  the  country  by  the  Mexicans 
or  the  Americans.  SJiort  and  simple  ditches,  which  usually  took 
their  water  from  the  per])<'tual  springs  and  served  a  small  acreage 
about  the  ranch  houses,  sufficed  for  the  simple  agricultural  needs  of 
this  pastoral  period.  Tlie  construction  of  j)erman(»nt  works  of  a 
better  character  began  before  the  civil  war,  and  was  most  actively  car- 
ried out  during  the  seventies  nnd  (Mghties.  The  famous  Riverside 
colony  was  founded  in  isTO,  its  existence  depending  entirely  upon 
the  successful  construction  of  a  large  canal,  which  carried  the  flowing 
waters  of  the  San  Bernardino  basin  to  a  strip  of  desert  mesa  north  of 
Santa  Ana  River.  By  the  construction  of  other  canals  built  about 
this  j)eriod  the  mountain  waters  as  they  came  down  the  canyons  to 
the  margin  of  the  low-lying  tillable  lands  were  gradually  diverted 
and  the  acreage  under  cultivation  extended.  Such  flourishing  colo- 
na  146—05  m 8 
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TUBS  Hs  Analieiitu  Pn^^atk^iiii.  PoTiiotm,  Ontiirio,  Cueanionjra,  High- 
lands, mid  Santa  Ann  owe  th<*ir  foinKiaiion  tt»  thr*  divr*i*sjori  of  tlicsi* 
surfiuv  wulrrs. 

By  18B0  the  available  Howin|j  wati^r^  had  l)efi)  gf^tuTiilIy  dhi^rtva 
and  ulili/-iMl,  niul  i\w  litoil  of  (hr  iiinniint  of  land  rt'fhiiiriahle  Mi*enuJ 
t^  havt*    l*(H*n    roarlu'th  ^ni(    tho   HlimuhiH  of  tbc^   vt*ry    lii^h    rnlu*'? 
nmched  hy  I  lie  California  citni?^  lands,  and  the  eoniparatively  HmtW 
acnm^e  nndt^r  i'ldHvation  as  roiniian^d  with  tliat  nH-lainial>h'  if  wiiwr 
wen*  avaihdde,  roirdnru'd  h*  induee  a  ntosl  <hi>ron|;fh  exninijiiitiuu  of 
all  possible  Hoiircea    After  tho  appropriation  of  the  nm^iiml  strejin 
flow,  then*  nTuained  (wo  add  it  ion  rd  jn^ssihi  lilies  snfllrifntly  invitiiiL' 
to  enlist  the  atleniion  of  cufjital  and  skilled  st»rvice,     Rc»rauM*  of  \h^ 
hi^h  ^nidit*ntH  of  tlit*  Cnlifoniia  river  l>eds,  and  the  stt^ep  shipe^  oQ 
the  nionntain*^  whore  the  *rrealer  part  *»f  the  rainfall  oerurs,  as  welll 
as  lx*nins**  of  the  fart  that  a  lai^^e  part  of  th*^  anninil  precipitatiitnl 
falls  during  heavy  storms  of  nKxlerate  duration,  there  han  alwavM 
UH?n  a  heavy  loss  of  Mater  thrf>u/rh  nui-oif  during  fltMKls.     If  tbi^ 
eouW  Ik?  saved  hy  iuipou ruling  n*s<.'rvoi rs,  »   irreat   pun    would  k* 
etTiH*t<'th     Bnt  the  ^^nerally  c?onstricted  charaeter  of  San  Bentardianf 
and  San  (tahriel  inonntain  ranyons  lias  beiMi  Nnfavt»rahle  to  the  tx>re 
struetion  t»f  reservoirs*  and  aetualty  hut  two  in)]Kirtant  (irojeets  have 
been  eonipleted — the  Bear  Valley  flani,  whose  stored    waters  Imvr 
addend  tlu'  nourish in*r  Ttedlands  eolony  (o  the  reelainunt  arenas,  antt  i\w 
HeineL  duin,  Irs^  fnvoraldy  sitnaied  as  rrganis  nnnfail  and  less  srte- 
c^i^ssfuU   tliei-efore,   in   tin-   matter  of  aereiige   n*dcH^med,     AntJthcr 
project,  tlie  Arrowliead,  is  mider  way  after  y(»ars  of  patient  observa- 
tion of  rainfall  and  nni-ort';  henee  eventually  there  will  be  a  further 
addition  to  the  waters  conserved  in  this  way. 

ARTESIAN- WELL    UEVELOPMENT. 

Underground  water  i^upply. — The  second  attractive  possibility  for 
securing  additional  water  lay  in  the  development  of  the  great  under- 
ground reservoirs.  It  had  been  found  in  the  sixties  and  early  seven- 
ties that  the  boring  of  wells  in  certain  moist-land  areas  was  followed 
by  flowing  water,  and  when  the  surface  supplies  had  all  bet^i  appro- 
priated engineers  turned  their  attention  to  these  lands  and  to  the 
storage  sites  as  the  two  remaining  soinres  which  promised  most  in 
the  way  of  increasing  the  available  supidy. 

The  (lage  camd  system,  com|)leted  in  1S8(),  has  depended  from  the 
first  almost  entirely  upon  undergroimd  waters,  and  its  7,500  acres  of 
splendid  citrus  lands  are  an  example  of  wluit  may  be  done  with  them. 
Since  this  ex})eriment  the  development  of  underground  watei-s  in 
southern  California  has  continued,  until  now  there  are  nearly  8,000 
artesian  wells  and  about  1,600  j)umj)ing  j)lants,  rei)resenting  a  capital 
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of  al)oiit  $4,500,000  and  a  combined  production  of  at  least  400  to  500 
second-fet»t  continuous  flow. 

This  development,  althou^ifh  under  way  for  thirty  years,  was  given 
a  great  forward  impulse  by  the  series  of  dry  years  which  began  a 
decade  ago.  The  previous  Um  years  had  l^een  years  of  abundant  rain- 
fall, the  precipitation  l)eing  well  above  the  average,  although  this 
vital  fact  was  not  generally  recognized  by  water  users.  As  a  conse- 
cpience,  the  acreage  brought  under  cultivation  during  those  years 
exceeded  the  sunount  which  the  ditches  depending  upon  surface 
streams  could  serve  when  the  dryer  period  came  on.  The  most  impor- 
tant and  valuable  of  California  crops  are  perennial  plants — citrus 
and  deciduous  fruits  and  walnuts — which  can  not  be  rapidly  adjusted 
to  fluctuations  in  the  water  supply.  A  grove  which  does  not  come 
into  profitable  l>earing  until  five  years  after  planting  represents  by 
that  time  considerable  capital.  If  the  water  fails  it  for  a  season, 
that  capital  is  lost.  Hencre  great  energy  has  l)een  displayed  in  the 
development  of  water  as  the  surface  supplies  have  dwindled  under  the 
influence  of  the  drought.  There  are  few  important  irrigating  sys- 
tems whose  supply  has  not  l)een  augmented  during  the  ten  years  past 
by  the  boring  of  wells,  whose  flowing  or  pumped  water  is  used  to 
make  up  the  deficiency  in  stream  flow.  In  addition  much  inde- 
I^endent  irrigation  has  been  undertaken  whose  supply  is  well  water 
'Mitirely.  A  large  part  of  this  is  new  land,  not  under  cultivation  pre- 
vious to  the  beginning  of  irrigation  from  wells.  A  smaller  propor- 
tion was  moist  land  cultivable  without  irrigation  before  the  dry 
pericKl  and  retained  in  the  cultivated  class  sinc*e  only  by  the  instal- 
laticm  of  wells.  The  reclamation  of  lands  in  this  way  has  been 
most  extensive,  naturally,  in  the  artesian  areas,  and  in  thos<»  other 
low-lying  lands  bordering  the  artesian  basins,  where  water  could  l>e 
obtained  near  the  surface  and  at  but  slight  cost  by  pumping,  but  it 
has  been  practiced  in  a  more  limited  way  where  higher,  warmer,  and 
more  valuable  lands  have  enabled  the  horticulturist  to  lift  water  to 
greater  heights  and  to  pay  the  resulting  higher  charges. 

It  has  l)een  fortunate,  indeed,  foi*  southern  California  that  she  has 
had  large  ))odies  of  subterranean  waters  on  which  to  draw.  This 
fact  has  enabled  lu^-  to  come  safely  through  so  trying  and  generally 
fatal  a  combination  of  circnnistances  as  a  decade  of  heavy  rainfall, 
and  consequent  exaggeration  of  her  most  fundamental  asset,  accom- 
panying such  a  rapid  industrial  development  as  to  constitute  a  boom 
of  the  first  order.  The  reaction  from  such  a  combination  is  usmilly 
utter  stagnation.  The  worst  fault  of  our  western  American  business 
character  is  its  cheerful,  careless  optimism.  It  will  believe  any  tale, 
however  false,  that  flatters  its  conununity  pride  and  promises  for- 
tune: it  will  have  nothing  of  any  fact,  however  absolute,  that  sets  a 
limit  to  its  resources.     In  the  Southwest  it  might  well  parody  the 
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well-worn  motto  of  tW  eoiirt  of  I^ouk  XV  ftiiil  nay,  **Afti»r 

tiroH^hL"     But  sauthrni  Culiforniii  has  not  as  yvi  lost  iinv  ext5 
ureas  of  her  reelaiijiu^d  lain  Is.  althoii^i  the  tleHcieiiry   of  minb 
Tjos  ATigeles  for  th*'  past  eh*ven  yearn  hiis  a^^re^nii**!  *Ji\  |M.*r 
the   average*   and   ilnriug   t!mt   time   and    at    pi*«'s<*nl    j^she    h 
sUuidily  increaj^iiii:  her  aeivjifji*, 

O  riff  in  of  undprgrmmd  w»fi^*»r.— The  geolo^c  iH^IntiDn**  whi 
made  tlifs  eondition  fKJssihle  niny  Ik^  hriefty  niitlUied,  The  valll 
sonthern  California  is  not  u  ruuTniil  streturi  vnlley,  i*iirv*Hl  hx  ^ 
nctkm  and  adjusted  in  width,  depth,  and  ali|rnment  to  tlu*  vd 
and  eonrse  of  the  stivanu  Tt  owen  its  etianidor  entire! v  to^ 
ajSJfenrii*^,  ihosi*  a^eneien  Inniig  enistal  niuvement,s.  Tliis  diveil 
lowlan*]  may  Im*  l>est  deserilx**]  as  a  .seriei^  of  dcH>p,  irn^*jular,  eii 
troughs,  parallel  to  eaeh  other  and  {n  \\w  Paeilic  shore  !iiK\  phiOj 
to  rlie  noHliwest  ami  al>nttinj:j  in  tliis  din^rt i*»ii  npiinst  the  ^nn 
San  (iid^riel  Raiifji**  At  the  ftKtt  ni  thijj  range  the  rid^*.s  si*jHira 
tlie  troughs  are  hnvt*st,  rind  a  |>rnetically  eoniinntins  vsi!h\v  exti 
from  Santii  Monica  to  San  Bernardinf**  Farther  south  th**  separa 
ridges  rise  higher  and  the  vaHey  is  hntken  by  niuuntain  ehains 
groups.  As  tlie.st»  troughs  and  thc>ir  separating  ridge??  have  fon 
hy  geoiogie  pnK:asses,  the  previonsly  existing  rival's  havo  maiutai 
their  way  across  them  from  the  higher  mountains  when*  they  rm 
the  sea,  ami  in  mainlHining  llit^s^'  i'tairsi*s  hjive  cut  miiyon>3  in 
ridges  and  have  filled  tht.*  t troughs  with  the  sands,  gravels,  «nd  cl 
that  are  due  to  thr*ir  erosive  action.  The  result  i.s  a  series  of  d 
l>ed-roek  valleys  tilled  willi  tilhiviiim,  across  which  the  rivers  fl 
The^  cnntlitions  give  rise  iu  ct^i'tjiin  pei*nliai'itics  in  the  haltit."^  of 
rivers,  ])eculiarities  which  it  hiippens  adapt  tliem  in  a  wonderful  ^ 
to  man's  needs  ;is  an  irrigator. 

Santa  Ana  lliver  is  the  niijst  important  of  these  southern  Calii 
Ilia  streams,  luis  the  largest  drainage  basin*  the  longest  eour^,  \ 
exhibits  i!u'M'  beneficent  pecnliarities  in  great  perfection.  It  i 
therefore  be  briefly  traced  as  an  exam]jle  of  the  ty]ie.  It  ris<5s  in 
higher  San  Bernardino  Momrtains,  where  rainfall  is  abundant,  ; 
bus  attained  a  vitinnic  of  from  '1T\  to  hi)  siu^ond-fcet  when  it  reac 
the  first  of  the  tilled  geologic  troughs  at  tlie  moullj  of  its  upper  c 
yon,  Ilen^  it  prom]itly  sinks  in  the  (*oiirst*  debris  and  percoh 
slowly  below  the  surface,  [irolerti»d  p^^r'fertly  froui  evaporation  i 
contamination  until  it  reaches  the  lowest  }n>int  in  the  rim  of  1 
depression.  This  rim  forces  it  to  the  surface,  and  it  flows  acros 
as  a  living  s(reain,  th*'  waters  which  esca[H^  diversitiu  sinkiiig  ag 
in  the  gravel  filling  of  the  second  trough.  After  a  short  snbterran 
course  it  is  forced  out  again  hy  the  impervious  rock  at  Riverside  N 
rows  and  continues  to  flow  over  the  surface  through  the  t^anta  I^ 
Mountains  until  beyond  these  it  reaches  the  inner  edge  of  the  greai 
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of  tlu»  troughs,  the  Coastal  Plain,  in  which  it  sinks.  Below  Santa 
Ana  it  rises  once  more  in  a  serie^s  of  strong  scattered  springs  and 
esca|>es  to  the  sea. 

This  hide-and-seek  habit  is  characteristic  of  the  rivers  of  this  val- 
ley and  is  as  ideal  an  adaptation  to  the  needs  of  the  arid-land  horti- 
culturist as  though  definitely  planned  by  man  for  his  own  benefit. 
The  lower  rims  of  the  rock  folds  force  the  water  to  the  surface  at 
very  convenient  intervals  for  diversion,  and  meanwhile  not  only  is 
the  water  in  its  miderground  passage  saved  from  loss  by  evaporation, 
but  the  irregular  spasmodic  supply  at  the  canyon  mouths  is  converted 
into  a  uniform  flow  which  is  unaffected  by  individual  storms  and 
responds  but  slowly  to  prolonged  wet  or  dry  periods.  These  basins 
are,  therefore,  not  only  storage  reservoirs,  but  are  most  effective 
regulators  as  well,  and  go  far  to  bring  about  that  most  important 
desideratum  in  irrigation  practice — uniformity  of  supply.  An  addi- 
tional important  economic  factor  is  introduced  by  the  presence  of 
artesian  conditions  along  the  lower  margin  of  each  of  these  storage 
basins. 

The  material  with  which  the  rock  basins  are  filled  is  alluvial,  river- 
deposited  sediment.  Each  stream  issuing  from  its  mountain  canyon 
carries  with  it  the  products  of  its  erasional  activity  there.  Debouch- 
ing upon  the  plain,  its  velocity  is  checked  and  the  heavier  fragments 
are  dropped.  At  the  lower  margin  of  any  particular  basin,  where 
the  velocity  of  flow  is  least,  the  finest  materials  are  laid  down  as 
clay  sheets.  These  have  the  original  slope  of  the  stream  bed  and  are 
limited  in  their  extent  upstream.  In  this  direction  they  gradually 
l>ecome  coarser  until  they  are  no  longer  im])ervious.  The  waters 
entering  the  valley  at  the  canyon  mouths  and  ])ercolating  seaw^ard 
Ix^low  the  surface  through  the  more  porous  strata  are  entrapped 
lx»neath  these  sloping  clay  blankets,  where  under  the  weight  of  the 
waters  lx4iind  them  they  accuniuhite  pressure.  Then  wiien  the  imper- 
vious clay  cap  alM)ve  tluMii  is  pierced  they  flow. 

Disttihutioti  and  clunuicftr  of  ^^tpplf/' — Thes(>  cheap  artesian  waters 
are  well  distributed  in  southern  California,  and  have  lx?en  important 
elements  in  its  (leveloi>ment.  The  original  area  of  the  lands  under 
which  they  were  found  was  about  .'^75  s(|uare  miles,  but  it  has  suffered 
a  shrinkage  of  88  jx'r  cent  during  the  last  fifteen  years  and  now 
measures  only  about  *250  s(|uare  miles. 

Since  these  artesian  l)asiiis  are  unlike  the  normal  synclinal  folds  in 
porous  rock,  which  have  come  to  be  regarded  as  the  type,  so  they 
have  special  characteristics  which  bear  directly  u])on  their  usefulness. 

In  the  first  place,  being  in  wholly  unconsolidated  and  generally 
coai-se  material,  they  have  a  high  transmissicm  capacity.  So  freely 
does  the  water  flow  through  them  that  individual  lO-inch  wells  have 
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in  a  f(»\v  cases  yioldod  (>  or  8  second -feet  of  water.  Such  wells  do  \m 
fail  becansc^  the  water  snpi)lied  at  the  head  of  tlie  alluvial  fan  can  not 
reach  the  l>orin|i:,  as  has  Inn^n  the  casi*  in  the  IX^nver  basm,  for 
example.  On  the  other  hand,  flowing;:  so  freely  they  di-aw  down  the 
supi)ly  at  a  very  rapid  rate,  bnt  can  l)e  restoi*ed  if  closed  for  a  time, 
while  a  new  supply  is  allowed  to  accumulate. 

Tlie  fact  that  the  water-lwaring  strata  lie  approximately  parallel 
to  the  surface,  and  that  the  highest  are  very  near  it,  facilitates  devel- 
opment to  such  an  extent  that  ranchei-s  in  many  instances  have  found 
it  more  economical  to  sink  a  well  for  each  10-acre  lot  than  to  dis- 
tribute from  a  single  central  well.  This  condition  encourages  the 
mult ij)licat ion  of  wells  and  the  drafts  upon  the  artesian  supply. 

It  is  thest*  great  rock  basins,  with  their  filling  of  saturated  alluvial 
wash,  which  cxmstitute  the  important  underground  reservoirs  that  have 
not  only  tided  the  region  over  a  long  period  of  low  rainfall,  but  have 
actually  made  possible  constant  additions  during  the  dry  period  to 
the  reclaimed  lands.  These  great  natural  reservoirs  more  than  com- 
pensate for  the  lack  of  sites  for  elFective  artificial  storage.  Their 
actual  capacity  is  to  be  expressed  in  cubic  miles  rather  than  in  smaller 
units.  The  San  Bernardino  basin  has  In^en  explored  by  the  auger 
for  over  1,000  feet,  and  is  roughly  estimated  to  attain  a  maxinnim 
dej)th  of  3,000  or  4,000  feet.  The  alluvial  filling  about  Pomona  and 
Chino,  and  that  east  of  Pasadena,  above  the  Paso  de  Bartolo,  is 
known  to  extend  Indow  sea  level.  The  great  Coastal  Plain  basin  has 
been  explored  for  IJ^OO  feet,  and  its  depth,  were  it  known,  would 
probably  be  found  to  run  well  up  into  the  thousands.  With  a  surfao^ 
area  of  775  s(|uare  miles  and  on  the  basis  of  HO  per  cent  of  voids,  a 
very  impressive  but  utterly  valueless  esliniate  might  be  made  of  tin* 
amount  of  water  stored  in  it. 

lii'ductinii  of  supphj. — But  while  the  uncU^rgi'ound  reservoirs  have 
])rove(l  of  incalculable  value  to  southern  California  during  the  decade 
just  pass<Ml,  and  have  not  only  carried  the  country  through  thi- 
period,  in  spite  of  the  fact  that  the  gn^atei*  pai't  of  its  earlier  d(n'elo|)- 
UMMit  was  carried  out  during  and  ujx)!!  the  basis  of  a  decad(»  of 
cx<'(»ssive  rainfall,  but  hav(»  actually  permitted  a  continual  increa^'  of 
aereage  under  irrigation,  it  is  not  to  be  expected  that  this  result  has 
been  jittained  without  affect ing  the  water  ]ev(d  in  the  reservoirs. 

Water  h'vels  have,  in  fact,  declined  notably,  artesian  an^as  have 
shrunk,  and  pressures  in  wcdls  still  flowing  have  decreased  markedly. 
The  thing  which  causes  most  surprise  is  that  thes**  shrinkage^ 
have  not  been  more  violent.  Tlu*  undcM-ground  suppliers  have  been 
attacked  in  front  and  rear.  The  snnnner  and  a  part  of  the  winter 
How  of  the  mountain  streams  is  diverted  at  the  canyon  mouths  and 
us(m1  for  irrigation,  where  formerly  all  of  it  sank  into  the  gravels  anil 
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joined  the  underground  supply.  A  few  storage  reservoirs  have  been 
built  which  hold  a  part  of  the  winter  flood  waters  that  are  now  and 
always  have  been  the  chief  source  from  which  the  ground  waters  are 
replenished.  Thus  not  only  has  the  supply  been  less  during  the  past 
decade  because  of  drought,  but  it  has  been  further  curtailed  because  of 
diversion  and  storage.  In  addition  to  this  indirect  attack,  the  great 
number  of  artesian  wells  and  pumping  plants  which  have  been  put  in 
have  directly  attacked  the  quantity  of  stored  waters.  It  is  estimated 
that  of  the  225,000  acres  under  irrigati(m  in  the  valley  of  southern 
California  at  present,  two-thirds  are  dependent  upon  developed  imder- 
ground  waters,  of  which  about  400  to  500  sc»cond-feet  are  used,  while 
the  surface  streams  supj)ly  but  200  or  250  se<?ond-feet.  These  rela- 
tions are  not  fixed,  there  being  a  large  acreage  which  is  irrigated  with 
surface  water  when  this  is  abundant,  but  with  well  water  when  the 
streams  are  low.  But  the  irrigation  from  develoj)ed  water  alone  is 
increasing,  while  that  from  streams  is  at  a  standstill  or  is  shrinking, 
the  flow  of  certain  imj)ortant  streams  which  are  due  to  rising  ground 
waters  having  diminished  during  recent  years.  One  great  w^ater 
company,  all  of  whose*  supply  of  40  second-feet  except  about  6  second- 
feet  was  originally  artesian,  now  pumps  at  least  75  per  cent  of  the 
total.  The  water  levels  in  w^ells  in  important  water-bearing  lands 
tell  the  same  story.  Maxinnim  declines  of  fiO  or  70  feet  within  the 
j)ast  four  years  are  of  record.  Declines  of  25  or  30  feet  are  not  at  all 
rare. 

Cause  of  ■ffuctuatiouH  of  sitpphj, — These  of  course  are  phenomena  to 
1k^  expected  during  a  period  of  drought.  The  critical  point  with  the 
California  irrigator  who  is  dependent  upon  underground  w-atei-s  is 
to  determine  how  much  of  it  is  due  to  the  dry  period  and  how  much 
to  development.  Obviously  this  is  a  difficult  point.  The  amount  of 
water  returned  to  th(»  gravels  each  year  is  scarcely  capable  of  direct 
estinuite,  at  least  with  the  data  now  availal)le.  The  greater  j)art  is 
contributed  of  course  (hiring  the  winter  floods,  but  tlie  measurements 
of  these  are  difficult,  and  but  few  attempts  have  been  made  to  estimate 
them. 

Observations  upon  the  fluctuations  of  the  ground-water  level  are 
perhaps  of  more  value.  A  system  of  sucli  ol)servations  has  been  Ix^gun 
by  the  Survey,  but  it  will  have  to  be  continued  for  a  considerable  pe- 
riod l)efore  its  results  furnish  a  safe  basis  for  conclusions.  At  present 
we  have  only  two  or  three  sets  of  observaticms  within  the  valley 
which  extend  far  enough  back  to  be  valual)le.  Fortunately  for  our 
thesis,  their  evidence  is  harmonious.  I  have  selected  for  discussion 
the  water-level  fliu'tuations  in  a  well  near  Anaheim,  on  the  inner  edge 
of  the  Coastal  Plain.  Puni|)ing  plants  are  numerous  in  this  vicinity 
and  are  being  rapidly  increased  in  number,  so  that  the  phenomena 
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exhihitod  by  th'm  pmfile  iiwy  Ik*  iJ(roj>U^d  as  typic4il  of  tho?^  neighljor 
hoods  whem  mast  pumping  is  Ixung  done.  For  dux'Ct  comparls^un 
witli  it  a  nun  fall  Uihlv  hiis  Ikvii  pirpanHl  in  wliicli  tlie  ilepaHiin^ 
from  tlu"  uvt^ra^*^  an'  ,Hhi>wii  for  t«ai.'h  yi*ar,  since  it  is  ^v  lUi  the  n^lutiou 
of  eaeli  ymrs  rain  fall  to  tln.i  miroml  that  we  are  eii|>«?cnally  cant^enseA 

From  theH^  n*<'ords  it  nppeais  that  fioni  lh<*  lime  when  lln*  ob^T 
vatioHM  began  in  1H1>8  the  dechnes  were  eontiimous  ami  ivgalar 
thnai^hiait  the  dry  pericjth  which  was  interrupted  during  the  winter 
of  11KK>-Ii*01  l>y  an  excess  of  rainfaJh  During  thin  winter  the  water 
level  rasc^  2  feet*  but  the  gain  wa?j  nioiv  than  lotst  Ik.* fore  the  iK^gioning 
of  the  next  rainy  ^ason.  The  d^ine  theii  eontinmnb  although  irpf*g- 
uhirly*  until  tlie  winter  of  liHhi-;^,  another  year  of  exeess  in  [in^eij>- 
itation.  Hei*e  again  the  prutiie  iihuws  a  rise,  but  again  it  was  njon* 
than  lost  U^fore  the  end  of  the  year*  Since  tliat  time  the  decline  ha^s 
been  rapid. 

The  significant  thing  about  these  fluctuation^^  is  that  ycmrs  in  which 
the  rainfall  has  exceeded  the  average  have  failed  to  stop  the  dechne, 
although  they  have  chet*ked  its  rate.  With  jyrest^nt  devehipment& 
then,  the  decline  will  continue,  rapitlly  through  yea  in  of  defieiencVi 
i^!^  rapidly  through  yeans  of  average  rainfalL  slowly  through  year^ 
of  slight  exee^ss,  and  will  cease  only  with  an  amount  of  excess  gi*eater 
than  any  that  we  have  luitl  in  a  decade.  This  is  a  siilhciently  siTioiis 
showing  to  call  for  a  halt  in  the  development  of  untlerground  waters. 
It  does  not  necessarily  mean  loss  of  land  now  i^eclaiuied,  because*  it  is 
recognized  that  tbi*  ps'iijinrl  i^M*  <>f  nnter  avaib^b]i>  U^v  ti)«"  T'l^-fMnrinn 
of  the  underground  supplies  increases  at  a  rapidly  accelerating  rate 
as  the  rainfall  itself  increases — that  is,  where  a  precipitation  of  15 
inches  may  add  little  to  the  underground  supplies,  a  fall  of  20  inches 
may  add  nearly  all  of  the  last  five,  and  a  precipitation  of  25  incheif, 
well  distributed  throughout  a  long  wet  winter,  may  restore  tlie  con- 
tinuous declines  of  half  a  dozen  years  of  deficiency. 

Need  of  moderation, — But  the  evidence  is  quite  sufficient  to  show 
that  it  is  time  to  stop  increasing  indiscriminately  the  number  of  wells 
for  the  reclamation  of  virgin  lands.  There  is  grave  danger  that  the 
splendid  subterranean  reservoirs  which  have  carried  communities 
through  the  past  decade  without  distress,  and  have  responded  so  fully 
to  every  demand  made  upon  them,  may  be  overestimated.  Such  sup- 
plies are  everywhere  peculiarly  liable  to  overvaluation  for  several 
reasons.  Among  them  is  the  fact  that  if  the  t6tal  quantity  of  stored 
water  be  estimated  the  figures  are  so  great  that  thoughtless  users 
immediately  conclude  that  such  supplies  are  inexhaustible.  They 
forget  that  actually  it  is  only  a  very  small  part,  often  no  doubt  only 
1  or  2  per  cent  of  this  great  amount,  wdiich  is,  or  with  present  methods 
can  become,  available.    Again,  the  fact  that  these  great  bodies  of 
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ESK  gravel  are  efficient  regulators  of  the  supply  through  rainfall,  respond* 
■?ff  ing  but  slowly  to  periods  of  drought  or  periods  of  excessive  precipi- 
:yi  tation,  and  allowing  but  slowly  the  effects  of  overuse,  leads  many  to 
J?  suppose  them  wholly  independent  of  these  controlling  factors,  and  so 
.^f  encourages  them  in  their  campaign  of  overdevelopment.  As  a 
«F  matter  of  fact,  close,  careful,  and  continual  observations  should  be 
p  made  of  fluctuations  in  ground-water  levels  as  development  proceeds, 
J  and  these,  when  compared  with  rainfall  measurements,  will  give  a 
>j  safe,  scientific  basis  for  the  regulation  of  the  acreage  irrigated  from 
I    ground  waters. 

Meanwhile,  development  must  proceed  with  extreme  caution,  for 
obviously  nothing  worse  can  happen  to  a  community  than  to  be  forced 
to  abandon  lands  which  have  been  reclaimed  at  a  great  expenditure 
of  time  and  capital. 

COST  OF  STREAM-GAGING  WORK. 

By  E.  C.  Murphy. 

The  cost  of  obtaining  the  data  on  which  the  monthly  and  annual 
estimate  of  flow  of  a  stream  are  based  is  made  up  of  four  item^, 
namely,  cost  of  equipment  of  station,  cost  of  gage  records,  cost  of  each 
gaging,  and  number  of  gagings  a  year. 

The  cost  of  equipping  a  bridge  station  will  generally  be  frqm  $10 
to  $25;  the  cost  of  equipping  a  cable  station  will  generally  be  from 
$25  to  $500,  depending  on  the  length  of  span  of  the  cable  and  the 
accessibility  of  the  location. 

The  gage  readers  are  generally  paid  from  $3  to  $5  per  month  for 
from  eight  to  twelve  months  per  year.  In  some  States,  as,  for  exam- 
ple, Maryland,  the  gage  readei's  are  paid  by  the  State.  The  records  of 
a  number  of  stations,  especially  in  the  South,  are  obtained  from  the 
Weather  Bureau  free  of  charge.  In  some  States,  notably  New  York, 
gage  records  are  furnished  by  private  parties  free  of  charge.  Some 
of  the  railways  cooperate  in  stream-gaging  work  by  furnishing  the 
resident  hydrographer  with  free  transportation  to  his  station. 

The  cost  of  a  gaging  depends  mainly  on  the  time  required  to  reach 
the  station  And  the  cost  of  transportation.  In  some  sections  of  the 
country,  notably  New  Jersey,  two  or  three  stations  per  day  can  l)e 
visited;  in  other  sections,  as  Wyoming  and  Oregon,  two  or  three  days' 
travel  are  necessary  to  reach  a  single  one. 

The  number  of  gagings  that  are  necessary  per  year  after  a  sta- 
tion is  once  rated  depends  on  the  character  of  the  bed  of  the  stream, 
not  only  at  the  station,  but  also  for  a  considerable  distance  alK)ve  and 
below  it.  Two  or  three  measurements  a  year  are  sufficient  at  some 
of  the  New  Ekigland  stations,  whereas  from  four  to  twelve  measure- 
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mcnts  a  month  are  necessary  on  some  of  the  streams  of  changeable 
bed  in  the  West.  The  following  table  sliows  the  estimated  cost  of 
stream-gaging  work  at  some  of  the  gaging  stations  in  1903: 

Estimated  cost  of  stream^gaging  work  in  1903. 
[Prepared  from  reports  on  Form  0-&f7.] 


Difltrict  or  Stat«. 


New  England 
New  York  a 

Do.a 
Michigan  <*. 

Do.<' 

PenmiylTania,  Mary- 
land, Virginia,  and 
West  Virginia. 

Nortli  Carolina,  South 
Carolina.  Virginia, 
and  West  Virginia. 

North  Carolina,  South 
Carolina,  Tennessee, 
Georgia,  Alabama, 
and  Hissiaaippi. 

Washington 

South  Dakota 

Chicago, 


fi.  M.Myers. 
M.  R.Hall.. 


Geo.  H.  Bliss. 
R.  F.  Walter. 
E.JohnsonJr. 


4.(0 


1 

4 

'84  1 

1 

4 

10 

4 

9 

4 

86  > 

9 

7.50 
7.fiO 


16.  UO 
6  I  5.50 
12  I    5.a5 


t  per  visit. 

Total  yearly  cost 

h 

1 

1 

i 

1 

131.00 

lia88 

$84.00 

$169.80 

1116.67 

25.00 

12.40 

15.00 

160.00 

63.37 

15.00 

8.80 

60.00 

16a  00 

144. OU 

30.00 

84.00 

80.00 

75.00 

51.00 

20.00 

n.oo 

25.00 

175.00 

94.10 

16.00 

12.88 

66.00 

182.00 

rflOHO) 

18.  (N) 

10.96 

79.00 

174.00 

116.74 

17.76 

10.79 

6B.00 

186.60 

97.» 

45.00 

28.88 

125.00    3R5.00 

30.  on 

11.83 

45.00    186.25 

79.13 

22.50 

17.60 

107.00  1  830.00 

1 

843.51 

«  The  ^UKe  records  for  'i\  of  these  stations  an*  f iirnisbod  f  re<». 
/>  Stations  at  weirs  and  dams. 

«?The  Ka)ce  records  for  11  of  these  stations  an;  furnished  free. 
d  N«)  allowance  for  office  work. 

f  The  records  of  29  of  these  stations  are  furnished  free  of  <',hjirife,  and  the  cost  of  gage  record* 
of  the  other  stations  at  from  $1.50  to  jU  per  month. 

This  table  sliows  in  a  general  way  the  cost  per  gaging  and  the  total 
cost  of  a  gaging  station  per  year  in  dilierent  parts  of  the  country. 
The  total  eost  dei^ends  on  so  many  items  that  diller  so  widely  in  differ- 
ent sections  of  the  country  that  it  is  very  diflicult  to  make  a  just 
comparison. 

The  mean  cost  per  visit  to  a  current-meter  gaging  station  in  the 
districts  east  of  the  Mississippi  varies  from  $12  to  $17.75,  the  latter 
being  for  the  Chicago  districtt,  where  the  stations  are  widdy  scattered, 
and  the  former  in  New  Yorlc  State,  where  the  stations  are  not  far 
distant  from  head<iuarters. 

I'he  yearly  cost  per  visit  is  less  for  stations  at  dams  and  weirs  than 
for  current-meter  gaging  .stations.  This  difference  is  partly  due  to 
th(»  fact  that  the  gage  records  at  most  of  tht»  former  are  furnished 
free  of  charge. 

The  folh)wing  tabh\  j)repared  from  the  annual  reports  of  M.  C 
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Iliiiderlider,  gives  the  actual   cost   of  stream-gaging  work   in   the 
Denver,  Colo.,  district  for  1904  and  a  part  of  1008: 


Cost  of  stream-gaging  work^  in  the  Denver,  Colo.,  district ,  1003, 
[Prepared  from  reports  of  M.  C.  Hinderlider,  engineer.] 


1905. 

Qaging  regular  sta-    I   Miscella- 
tions.  neous. 


IWM. 


Regular  gag- 
ing stations. 


Miscella- 
neous. 


State. 


^d 


i|l|    &|    'ill  It'll    &f 

lis       g«     :g5    S^liS'    g-5 


g  Jl  la. 


S^ 


5p    I     &|    55 


Colorado 45  \ 

Wyoming^ ,  16 


Nebraska  b 

Kansas'* 

South  Dakota 

New  Mexico 

Oklahoma  and  Indian 
Territory 


16 

12  1 


3  to  22  i 
1      20  ; 

1     n| 

1         4  I 


456  16.84 


6.86 
6.31) 
9.39 


401  I 
3 
13  I 

4| 


$1.20  $2.89  I  58 


1.13  :  6.61 


12.65 


5.80 
9.94 


I  12 

11 

13 

Il« 


419 
1(J9 
69 
75 

90 

78 


s5  i 


t& 


|7.6;i 

13. 6H 
7.3:J 
10.75 
11.09 
7.93 

12.69 


72 

9 

30  I 
5 
49 


$7.82 
5.92 
2.17 

10.82 
1.20 
7.08 


^1 


$7.68 
13.07 
5.76 
10. 76 
7.60 
7.90 


oNot  including  gage  readings. 


ft  For  the  period  July  1  to  December  31, 1903. 


The  cost  per  gaging  at  regular  gaging  stations  in  1903  varied 
from  $G.30  to  $9.39  and  in  1904  from  $7.33  to  $12.69. 

The  average  cost  per  gaging  in  Wyoming  in  1903  is  about  one-half 
that  in  1904,  on  account  of  the  work  being  done  in  1903  by  local 
men.  The  results  obtained  by  these  local  men  were  not  found  satis- 
factory, and  the  work  was  doin*  in  1904  by  the  n^sident  hydrographer. 

The  cost  of  miscellaneous  gagings  is  generally  much  less  than  of 
those  made  at  regular  gaging  stations. 

The  actual  cost  of  carrying  on  the  stream-gaging  work  at  15 
gaging  stations  in  Idaho  for  the  year  11K)4  was  $i^,4ii*J.9T ;  the  cost 
per  station  varied  from  $SH  to  about  $-255,  the  mean  being  $1(31.53. 
The  amount  spent  on  the  eciuipment  of  11  of  these  stations  during 
this  year  varied  from  $14  to  $9*J,  liie  mean  being  $39. S().  The  num- 
lx»r  of  visits  made  during  the  year  varied  from  '2  to  9,  and  the  cost 
per  visit  varied  from  $2  to  $-25,  the  mean  being  $(j.SO. 

The  actual  cost  of  st»*  ■  .;.i-gaging  work  at  34  gaging  .stations  in 
New  York  State  froih  July  1  to  December  31,  1904,  was  $i2,114.()9, 
the  cost  ranging  from  $13  to  $110,  the  mean  being  $()().08.  The 
number  of  visits  made  during  these  six  months  varied  from  1  to  0. 
The  cost  per  visit  varied  from  $3.50  to  $29,  the  mean  being  $13.10, 
the  larger  of  these  values  being  for  visits  when  repairs  were  made  to 
the  station.  The  cost  of  some  of  these  New  York  stations  includes 
the  cost  of  computing  two  years'  records. 


r 
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KQITIPMENT  OV  A  CABLK   Ci AGING   HTATtOX. 
By  E.  (;.  MiKrnr. 

The  eqiiipmeiit  of  a  ruble  gftgin^  Bliilioii  consist*^  4\ss44it  iiil|f 
L^iblt*  with  iii!^  tnni-liiicklo  tni  irit*rwisiiig  or  (kTi\*»^in^  the  fci|r, 
,mipp(jrtH  fur  kt'i*[jing  t\w  rul»lt*  at  tlu*  pmpor  lit*ight,  tUe  iiiicli<»r 
for  hobJitig  Ihe  uiul^  of  the  oablo  hi  placts  tht*  car  or  hux  frfiiii  w 
the  iJioasiireineiitii  are  made,  the  tug  lint*  iiud  it^  ta^  niurking 
Inruvh  iicrosh  the  s^tn*ani  from  an  initial  pi^inl*  and  tln^  stny 
fur  ktH*ping  the  nk*tia*  in  phiie  in  thi*  water  wlnni  thi*  flow  is  rapid 

The  cns^t  of  oreetioii  of  a  cable  is  generally  ?^>  largt\  eonipHnnl  i 
tlie  cost  of  any  part  of  the  equipment,  that  it  is  wise  Ui  miike 
parts  ahiuHhintly  strong  and  durable*  Faihire  of  th<*  cnihlte 
fjueritly  results  fi'om  di-ift  (paHs  tjf  floating  trtnis)  rtitchtng  ^ 
during  fhxKL  and  hence  the  supports  Uiiist  Ik?  long  enough  to  I 
the  <'able  alH*ve  any  drift  thai  may  I'urne  dowti  tlu^  river*  and  a^ 
(MU*iuit  tht*  highest  tliMnls  to  \n^  me  a  sin  vd  from  the  ran  f 

(iidvani/A^d  sti*el  wire  ndde  is  pivferuble  to  tnigalvaruzed  i-abfe 
arroiint  of  its  gi'eater  durability.  The  sizes  of  the  galvanised  e 
given  Ik^ow  will  be  found  safe  for  different  spans  or  lengths  \mm 
cable  supports:  M 

Propter  diameter  and  sag  of  galvanized  nttel  cable ^  with  Hm  load  of  4SO  pati 
f&r  Mpatts  0/  UHf  to  atHiffeL 


8pan. 

Dlftm^ter 
in  fQcben. 

Str 

IQOfeet , -. -_ -„ 

i 

1 

i 

I 
1 

U 

4 
S 
6 
10 
12 
1% 
14 
15 

t 

20(}fect.. -,..,-,,.„.„... .., 

30(^fe«t--- ,.-.- ,.-.    ., .....,.-,-. 

A 

5 

400  feet.             .           , 

n 

nOdfeet ,,,--. -. 

7 

fXXJfeet. . .     .         .     . 

10 

TCWfeet        ..  _. _     _.   _     ... 

IS 

800 feet- -.-..._.   ..._.. __ 

1», 

The  diameter  is  computed  lor  u  live  load  of  4rj0  pounds  (car  * 
two  men)  on  the  cable,  at  center  of  the  span,  and  an  initial  t 
sion  due  to  the  sjig  (given  in  the  tal>]e),  using  a  factor  of  safi^ty 
alKuit  0,  The  sag  given  in  the  tal)le  is  the  least  allowable*  If  ii 
increased,  the  factor  of  safety  is  inereustn).  The  cable  should  not 
Ik- lit  in  making  connections  to  a  shorter  ratlins  ttian  'I  inches;  antl  ' 
titrndmcklc  ami  connections  shouM  have  a  safe  working  strength 
all  iimoimt  given  in  the  hist  cobuan  of  the  table. 

It  uceasioiuiUy  happens  tlnit  a  tree  can  Ix^  found  on  one  or  be 
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sides  of  the  stream  at  the  place  selected  for  the  station  that  can  be 
used  to  suppoil  the  cable.  If  such  trees  can  not  be  found,  then  for 
spans  less  than  300  feet  a  single  post,  such  as"  a  telephone  or  tele- 
graph pole,  or  sawed  timber  10  or  12  inches  on  a  side,  can  be  used, 
with  the  lower  end  firmly  set  in  the  ground  and  notches  cut  in  the 
upstream  side  for  sustaining  the  cable.  Two  pieces  of  6  by  8  inch 
timber  crossed  and  bolted  together  near  the  upper  end,  called  "  shear 
legs,^'  can  be  used  instead  of  a  single  post,  if  desired.  High  supports 
for  long  spans  are  made  of  two  inclined  heavy  timbers  connected 
by  horizontal  timbers  with  diagonal  bracing. 

The  form  and  size  of  anchorage  depends  on  the  length  of  span  and 
the  material  of  the  bank.  For  spans  of  less  than  200  feet  and  earth  * 
bank  a  log  or  sawed  timber  12  inches  in  diameter  and  5  or  6  feet  long 
buried  at  least  4  feet  in  the  ground  will  answer.^  For  longer  spans 
it  is  necessary  to  place  cross  timbers  on  top  of  the  timber  to  which  the 
cable  is  attached  and  to  bury  them  more  deeply  in  the  earth  than 
for  the  shorter  spans.  Old  iron  rails  can  be  used  to  advantage 
instead  of  timber  in  the  anchorage,  and  rock  in  place  of  earth  on  top 
of  the  timbers  is  desirable. 

The  end  of  the  cable  is  wrapped  a  couple  of  times  around  the  dead- 
man  and  fastened  to  the  cable  with  clips.  A  block  and  tackle  and 
a  team  of  horses  are  necessary  in  the  erection  of  long  cables. 

If  there  is  solid  rock  on  one  or  both  banks  that  can  be  used  for  an 
anchorage,  a  hole  12  to  18  inches  in  depth  and  of  one-eighth  inch 
larger  diameter  than  the  cable  can  be  drilled  into  it.  A  bolt  slightly 
less  in  diameter  than  the  hole,  having  a  loop  in  the  upper  end  and 
a  slit  and  wedge  in  the  lower  end,  can  be  leaded  into  it.  The  end  of 
the  cable  is  fastened  with  Crosby  clips  to  this  loop  on  the  end  of  the 
bolt.  A  right-and-left  turn-buckle  of  sufficient  length  to  take  up  the 
sag  of  the  cable  should  be  placed  between  the  anchorage  and  the  sup- 
port on  one  side  of  the  stream. 

The  car  from  which  the  measurements  are  made  should  be  about 
4  feet  long,  3  feet  wide,  and  1  foot  deep.  Each  end  is  fastened  to  a 
pulley  on  the  cable,  either  by  galvanized  steel  wire  cable  or  by  a  2  by 
4  inch  timl^er  at  a  height  such  that  the  car  can  easily  be  pulled  along 
by  a  man  in  it.  The  pulley  should  l^e  at  least  8  inches  in  diameter 
and  made  so  that  it  can  lx»  easily  taken  off  the  cable. 

Barl)ed  wire  can  Ih»  used  as  a  tag  line.  It  is  not  likely  to  be  stolen, 
and  the  tags  can  easily  be  fastened  to  it  and  replaced  if  they  drop  off. 
The  ends  of  the  line  are  fast<»ne(l  to  the  cable  supports. 

A  single  heavy  galvanized  wire  or  a  thrt»e-eighths  inch  or  one- 
fourth  inch  galvanized  steel  wire  cable  can  be  used  as  a  stay  line.  A 
pulley  with  a  swivel  on  it  is  placed  on  this  line,  to  which  a  sash  cord 
is  attached  during  the  measurement  of  the  flow  of  the  river.    This 
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stay  line  itin*^t  l>e  placed  «t  a  miffi<'ic*iit  ilisUnce  iip^r<*ftin  tni  thfi 
will  t*x<*i't  imly  a  small  iipwiinl  pull  uii  the  melton     If  the  Any 
is  lou  near  (he  cable,  it  will  not  jjenuil  tlu'  Imveritig  uf  the  IH€ 
tlu*  hottoin  of  the  i*treain  direilly  underneath  the  cable. 

HimiXO  OF  HEHKRVOUIH, 

Hv  W<  M.  limn. 


Tlic*  mat  (or  tif  silt  th^posit  in  stora^*  ivsorvoii*s  is  one  that 
eneountered  in  nniny  (tf  ihv  pmjecls  io  1m»  undertaken  by  the  Bi 
irintinii  St^rviee. 

Those  who  have  had  lo  deal  with  I  lie  silt-laden  strcaniH 
West  hii\e  lon^  known  that  the  silt  f|ne8tion  is  an  iniporUiti 
But  little  of  a  definite  nature  has  W^en  written  upon  this  s^tibj 
the  ijnestion  havlri^  lK*en  <lod^n*<l  in  tin*  hope,  perhaps,  that  by  ^ 
mysterious  jiroeess  the  silt  would  not  Ixvunie  tlie  trouble  tJial 
(>ften  predicted  ihkI  toward  whi^'h  all  iiicfieath>iis  point.  m 

The  writer  has  hail  opi^ort unity  to  stmly  this  question  soiuctI 
during  the  present  year,  and  the  iTsult^  have  lRK.*n  quite  satisfurt 
from  afi  edueiitional  ^tandixnnt,  even  if  they  do  not  offer  a  miltit 
of  the  prol>lem»  ■ 

Peeos  IJiver  is  a  ty]neal  southwestern  stream,  always  ennj 
sonif  Hilt  in  HUsiwuKimh  and  at  fl[«id  tirnB  earryln*^  largt*  quaiitil 
it  d*H*s  Uftt,  however,  <*aj'ry  any  such  amount  as  does  the  Uiii  ttrai 
A  eompariMJU  of  ih*^  M'diuieut  in  the  two  streams  was  made  by  Pi 
Arthur  (ioss,  of  the  New  Xfexieti  A^frirultural  Exj)erinjent  Stati 
an*l  the  results  |ml>lished  in  nultetin  Nrj.  ^H  of  that  statitin,  wh 
gives  tlie  setliment  in  the  Peeos  as  IHU  parts  of  susjh^iuUhI  inai 
to  IfKl.tiOt)  parts  nf  water,  and  in  the  llio  (irande  as  831  t:o  It^^OOC 

Diirin^^  the  winter  of  1003-4  a  Itoard  u{  consult ing  engineors 
the  Rechnnation  Service  visiti^d  Lidce  McMillan,  the  principal  stor 
re^rvnir  of  the  Pecos  Irripition  t'Onipany,  and  instructions  w 
issufd  that  sliould  this  reservoir  Ijecome  empty  a  survey  should 
made  to  determine  the  amount  of  si-diuieul  tiiat  had  been  deposi 
dnrin^p  the  ten  years  that  the  n^siM'Voir  had  l^^en  in  opera tion. 

The  dron^dit  of  100:^  eontimual  into  tiie  sununer  of  1D04,  and 
June  1,  1004.  the  res*^rvoir  was  ernply  of  all  stored  waters.  A  s 
vey  was  at  once  In^^un  antl  the  work  was  |inshed  almost  to  ctanpleti 
when  tm  June  17  a  rise  in  the  river  brought  to  an  end  all  operatic 
alon^  this  line;  not,  how*'ver,  before  nearly  all  ihe  data  souj^ht  1 
IwH^n  ot>tained. 

This  I'cservoir  had  been  in  operation  fi'»r  ten  years,  and  theref 
the  s(*diment  fnnn<l  reju'escnts  tli(^  amount  dcfKnited  in  that  [n^ri 
The  reservoir  had  never  been  accurately  survev<sfl  and  it  was  nee 
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siirv  to  determine  its  capacity  Ik* fore  the  silting  commenced  as  well 
as  its  capacity  at  the  time  of  this  examination. 

The  original  capacity  \\"as  found  to  have  been  28,732  acre-feet  and 
its  capacity  June  1,  11)04,  was  10,500  acre-feet.  This  shows  a  loss 
of  storage  capacity  in  ten  years  of  about  42  per  cent,  or  a  little  more 
than  an  average  of  4  per  cent  per  annum. 

It  had  l)een  contemplated  originally  to  construct  a  reservoir  of 
much  greater  capacity,  but,  owing  to  some  trouble  from  floods  in  the 
early  existence  of  the  reservoir,  the  western  spillway  was  cut  down 
several  feet  l>elow  the  spilling  point  and  was  not  reconstructed  until 
during  the  past  winter,  when,  at  a  very  small  expense,  the  capacity 
was  increased  to  alxout  40.000  acre-feet. 

One  cause  of  the  rapid  silting  up  of  this  reservoir  can  readiW  Ihj 
understood.  The  flow  of  the  river  probably  averages  ten  times  the 
capacity  of  the  reservoir,  and  as  nearly  all  the  silt  is  taken  out  of  tlup 
water  at  this  reservoir  the  process  of  silting  up  is  very  rapid.  Had 
the  storage  capacity  l)een  equal  to  the  entire  flow  of  the  river  the  per 
cent  of  silt  would  have  been  small.  This  indicates  that  small  reser- 
voirs on  streams  of  great  flow  have  a  very  low  ultimate  efficiency. 

One  of  the  points  not  satisfactorily  determined  by  the  investiga- 
tions was  the  amount  of  silt  deposited  outside  of  the  storage  area  of 
the  reservoir.  The  amount  is  known  to  be  large,  the  depth  of  silt 
increasing  rapidly  as  the  intake  end  of  the  lake  is  approached,  and 
a  few  hurried  borings  outside  the  real  storage  area  showed  a  gi*eater 
depth  of  sediment  than  at  any  point  within  that  area.  It  is  a  posi- 
tive fact  that  a  large  j)roportion  of  the  entire  silt  deposit  is  outside 
the  storage  area,  but  exact  infornu»tion  could  not  be  obtained  on 
account  of  the  high  water. 

It  seems  that  when  the  reservoir  is  full,  or  nearly  so,  and  a  flood 
comes  down  the  river,  meeting  with  the  level  surface,  the  silt  begins 
to  drop  and  for  sev(»ral  mil(»s  above  the  res(»rvoir  the  banks  overflow 
and  the  topography  is  entiiely  changed.  This  would  indicate  that 
where  small  reservoirs  are  const ructcMl  on  streams  of  great  flow  and 
little  fall  a  large  part  of  the  silt  will  be  deposited  outside  the  reser- 
voir. 

A  more  detailed  repoit  of  this  investigation  has  been  sulmiitted 
to  the  chief  engineer  and  j)ublislied  in  the  Third  Annual  Keport  of 
the  Reclamation  Service.  One  of  the  most  important  of  the  conclu- 
sions reached  as  a  result  of  th(»  investigation  is  that  in  silt-laden 
streams,  when  the  valley  of  the  river  nnist  be  used  for  the  stoi'age  of 
the  floods,  thereby  accumulating  all  the  susj)ended  matter,  reservoirs 
of  capacity  as  nearly  as  possible  ecpial  to  the  entire  flow  of  the  river 
will  l)e  the  most  economical. 

The  writer  has  not  put  nnich  faith  in  the  theory  that  any  consid- 
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c*rubli*  ]7ar(  of  ji  lurgi*  silt  deposit  in  n  it?sfTvoir  can  l>e  reiiuiviHl  by 
onltiuirv  flushing.  Tht*  oitnrut  lhrtni|ijli  ^  rt*?^rvoir  is  not  sufficiently 
stn*ii^  to  pick  up  Hindi  of  thtr  silt,  rtiicl  in  cases  tluit  have  com«  iiritliT 
jjersmuil  obsprvntioa  the  tihnc<*  gates  have  ui>enited  only  to  mX 
out  a  Hinall  narrow  chunnel,  not  niaterially  increasing  the  stonagTa 
capacity. 

It  is  possible  that  when  the  vahie  of  water  l>ecdmes  mucli  git*aten 
as  perhaps  it  may  at  no  very  di stunt  time,  nieehaTUcal  appliances  niity 
be  ns<^d  to  aid  the  current  to  take  n  large  propi^rtion  of  the  sill  ng;m\ 
into  snspensiou  and  reni<»ve  it  tlirou^h  the  sluitvways  that  are  alnicfrl 
invariably  placed  in  rescrvoii's ;  but  considering  the  present  valtji* 
of  water,  mechanical  methods  of  removing  silt  ^em  to  be  without 
the  bounds  of  economy,  except  in  rare  cases. 

iPAItM-rNIT  CLASSIFICATION. 

By  D.  W.  Ross. 

Pt?onjSEC>    PLAN.S    Vim    f  T.AJ4Sim-AT10N, 

A  cirewhir  Ictler  on  fai'm-unit  clRssili(*ation  issued  liy  the  chii*f 
engineer  uuiler  ilatc  of  ()<'(oIhm'  lii),  ISKH,  invites  discussion  liy  the 
engineers  of  the  niervic^e  of  the  subject  of  fanu-unit  classiticatioji,  par- 
ticularly in  rH*latitai  U^  jifj portioning  the  roht  of  reclanu\tion  over  the 
binds  to  be  reclaimed,  keeping  in  mind  the  character  of  each  farm 
unit. 

The  letter  referred  to  submits  three  phms  for  settling  this  diffi- 
culty which  are  thought  to  be  worthy  of  consideration,  and  invites 
connnent  on  the  same.  The  following  are  tlie  alternative  plans  sug- 
gested : 

(1)  That  the  classification  sheets  should  contain  in  each  area  the 
equivalent  acreage  of  first-class  irrigable  land,  distinguished  from 
the  total  acreage  by  being  placed  within  a  circle.  The  charge  will 
be  uniform  per  acre  of  first-class  land  or  its  equivalent. 

(2)  Assuming  that  the  standard  area  is  80  acres,  the  charge  should 
be  made  for  that  acreage,  regardless  of  the  actual  area  of  the  farm 
unit.  In  case  a  smaller  subdivision  has  been  made  under  the  project 
near  the  towns  the  charge  to  be  for  the  actual  area  in  each  farm 
unit,  on  the  theory  that  in  such  cases  both  the  land  and  the  crops 
would  have  a  value  as  great  as  the  land  and  the  crops  of  the  larger 
area  farther  from  the  towns. 

(8)  That  the  charge  per  acre  should  l)e  made  proportional  to  the 
quality  and  value  of  land.  For  example,  if  a  40-acre  tract,  specified 
as  first-class  land  on  account  of  quality  or  location,  is  charged  at  $25 
per  acre,  another  tract  of  second  quality  containing  80  acres  would  be 
charged  at  $12  or  $15  per  acre,  etc. 
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Commenting  on  these  plans,  the  letter  states  that  No.  1  would  prob- 
ably call  out  the  least  objection  from  the  settler;  No.  *2  would  !)e 
sim|)ler  to  nianagt*  and  involve  the  le^st  danger  of  error,  and  No.  8 
would  give  opportunity  for  criticism  on  the  j>art  of  the  larger  portion 
of  the  settlers. 

Plan  No.  L — Where  the  tract  to  Ix;  reclaimed  is  public  land  and  is 
open  to  entry  while  the  construction  of  the  works  is  in  progress,  fidl 
fonsideration  will  likely  be  given  all  mattei^s  relating  to  the  quality 
and  location  of  lands  oj^en  to  entry  by  the  intending  entrymen;  that 
is,  in  entering  a  given  tract  each  entryman  will  fir^st  consider  its  hxm- 
tion  and  quality,  and  knowing  the  price  per  acre  whic;h  he  will  l>e 
called  upon  to  pay  for  his  water  right,  he  will  naturally  decide 
whether  or  not  the  land  is  worth  entering  at  that  price.  Those  who 
are  fortunate  enough  to  make  the  first  filings  will,  of  course,  select  the 
Ix^st  land,  and  each  succeeding  entryman  will  select  the  best  land 
remaining,  until  the  poorest  land  of  the  tract  remains  to  l)e  entered, 
when  the  same  question  arises  as  before — is  the  land  worth  what  it 
costs  to  i*eclaim  it  I  If  it  is,  it  will  he  entered;  if  not,  it  will  remain 
vacant,  but  probably  for  only  a  short  time.  So  it  is  my  opinion  that 
but  very  little  attention  need  be  paid  by  the  Reclamation  Service  to 
the  relative  value  of  farm  units  where  entrymen  are  at  lilx»rty  to  exer- 
cise their  own  judgment  in  selecting  their  claims,  I  do  not  believe 
that  the  first  plan  proposed  is  necessary. 

Phm  No.  2. — Regarding  plan  Xo.  2,  considerable  importance  seems 
to  l)e  attached  to  the  location  of  the  tract.  If  it  is  close  to  a  town,  it 
is  proposed  to  charge  a  greater  amount  for  the  water  right,  so  as  to 
place  it  on  an  equality  with  perhaps  a  larger  tract  situated  farther 
from  a  center  of  population.  The  j)rincipal  objection  which  I  see  to 
this  plan  is  that  where  a  large  area  of  public  land  is  to  be  reclaimed 
there  is  nothing  settled  regarding  centers  of  population;  such  nuitters 
are  to  a  very  large  extent  in  the  future,  so  that  if  an  attempt  should  1x5 
made  to  place  the  entryman  who  is  remote  from  a  townsite  on  an 
equality  with  one  whose  land  may  join  a  townsite  the  result  may  lx» 
entirely  upset  in  a  few  years"  time  through  the  development  of  towns 
in  unexpected  localities.  For  this  reason  I  do  not  believe  the  plan 
proposed  is  a  sound  one. 

Pl<i7i  No.  S. — Plan  »i  proposes  to  make  the  charge  per  acre  propor- 
tional to  the  quality  and  value  of  the  land.  This  involves  the  same 
principles  that  it  is  sought  to  apply  to  plans  1  and  i2. 

ALTERNATE   PLAN    FOR    ASSESSINCi    COST. 


It  would  appear  that  the  principle  adopted  in  fixing  the  price  of  a 
•water  right  should  be  one  which  will  have  general  application  not 
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only  to  publii'  IuihIn,  but  tn  privHto  laiicLs  as  welL  If  thi.^  qucq 
CGI  1 1(1  Ik*  apprortdunl  on  the  thiKiry  that  what  Ls  piiid  for  H 
irripilor  in  n  propoHionjil  intfrcMt  in  tin*  works  thi*  prubloiti  m 
W  tnnnptirativi4y  oasy  of  Mjlutii^tu  What  iIk*  scat  1**1*  piiy^  f« 
adltnl  a  *'  wntiT  I  ij^ht,''  nc^^pnitHJ  by  him  hy  virtue  of  8t<K'k  hi^li 
an  association.  It  mentis  priiuurily  a  pr^jportiuiuil  intt*rvNt  in 
wi>rks  ^'iKistnirtinl,  nu*l  iHMl(*r  tbt*  prt»visions  of  Uu*  riM'^lainntion  a< 
mQUiH  to  Ije  eontemphiteti  that  the  isettlerB  rfialb  at  ^50ln(*  future  i 
Ix^  ^ivt^ri  <*on trill  of  tin*  works  t'oristriirted  ;  mo  that  whatt*vt»r  payiii" 
may  havi^  Ikh^ij  nnidi'  for  so-t'a!l(*<l  '"  water  rights  *'  won  hi,  mn  a  m« 
of  fact,  n*pn^H*nt  ciTtaiii  wpiities  in  tht*  works  themselve*;!.  Wi 
thej^  watt^r  rights  or  tHjuiti^^s  are  purrhascnl  tlirough  a  water  u^ 
a?^RH*iHtion  it  is  jjropoMul  lliat  t*arh  watei-  riglit  pmvh!i>e<l  shall 
rt^prt^sented  by  a  share  of  stock  ist^ned  by  the  asHociatioii,  1 
plui'i's  wator  nsers^  iiHSorintioiis  In  pr  mil  cully  the  sanje  rUiss  us  t^ 
inunity  irrigation  coni panics,  which  aru  so  conimon  all  owr  the  \V 
On  tliit^  basis,  tluni,  one  t^harc^  of  stock  would  Ik?  worth  ns  much 
fliiothcn  The  land,  of  t*ours*\  will  not  be  all  of  the  sauie  qimlit^ 
the  shares  will  likclv  iu»st  thf*  same. 

^\Tiile  it  16  a  fact  that  deaert  laud  owes  its  finjt  real  valm* 
conbtructif>n  of  irrigation  works,  aiid  crery  acre  of  laud  is,  or  she! 
lu\  worth  wliat  it  eosts  to  reclaim  it,  lh*i  productive  value  of  tlit*  la 
or  itts  value  aftor  it  is  improvcH:!,  very  soou  exceeds  thiis  first  oiitl 
which  is  finally  lost  sight  of  entin^ly,  and  thi^  poorest  land  upon  wh 
water  is  [ij)jdied  is  usually  worth  a  great  deal  more  than  the  aven 
cngt  of  reclamation, 

T!>(*  < nullity  and  lay  of  tlie  hind,  however,  is  an  important  fac 
in  <lctcrmining  the  anu)unt  of  water  necessary  fi>r  irrigation,  w^h: 
in  tnrn  frequently  determines  the  amount  of  the  annual  charge 
'  ta\%  which  nnis  j^erpetnally.     But  the  amount  of  water  needed  is  i 

jl  neci^ssarily  proportituial  to  the  first  <.'ost.     Land  which  apjx^ars  to 

of  the  very  l>est  quality  and  whicfu  according  to  the  principle 
mil  in  the  cin^nlar  letter,  wonh!  pay  tiie  1  ugliest  [>rice  for  a  wa' 
right,  might  nH|nire  a  c*>mparative]y  small  arniamt  of  water,  and 
the  cost  of  service  is  based  on  the  quantity  of  water  deliveredn.  t 
charges  rumiing  against  this  land  perpetuatly  might  bt^  very  ic 
Bnt  lands  which  arc  inferior  in  t]nality,  and  which  as  a  I'csult  woi 
pay  a  smaller  charge  to  begin  witfi,  might  iti  tlic  end  pay  an  excm 
ingly  higlv  annual  nuiintenaiice  tax,  owing  to  the  great  amount 
water  riH|uircil  for  irrigation.  Or  these  two  cases  might  l>e  eiitirt 
re  verse*  I;  that  is,  the  superior  land  require  an  exceedingly  lar 
amount  of  water,  while  the  inferior  might  rerjnire  but  very  litt 
In  this  case  it  might  with  reason  be  held  that  the  owner  of  the  inferi 
land  should  pay  a  larger  proportion  of  the  first  cost  of  reclamation. 

It  is  my  opinion,  therefore,  that  if  we  hold  that  the  irrigator 
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l)urchasing  a  proportional  interest  in  the  works  for  which  the  money 
is  expended  no  one  will  l)e  done  an  injustice  when  the  charge  is 
made  uniform  over  all  the  land,  unless  extraordinary  expense  has 
been  incurred  in  carrying  water  to  a  certain  tract,  in  which  case  the 
entire  tract  involved  might  with  justice  be  made  to  pay  a  greater 
price  per  acre. 

I  am  of  the  opinion  that  the  distribution  of  the  cost  of  an  irriga- 
tion system  should  be  allotted  to  certain  natural  subdivisions  of  the 
territory  involved  rather  than  to  separate  farm  units,  since  greater 
expense  may  be  incurred  in  reaching  one  natural  subdivision  than 
jinother,  but  all  the  lands  in  each  subdivision  should  be  assessed  the 
same — that  is,  the  shares  of  stock  or  water  rights  should  cost  the 
same. 

The  benefits  to  be  derived  from  the  use  of  water  can  not,  in  my 
opinion,  be  very  accurately  estimated.  The  cost,  however,  of  con- 
ducting water  onto  certain  lands  can  l^e  definitely  determined,  and 
it  seems  to  me  that  this  should  be  the  basis  for  equitably  proportion- 
ing the  amount  expended  in  the  construction  of  works. 

COST  OF  POWISR  FOR  PUMPING  IRRIGATING  WATER. 
By  H.  A.  Storrs. 

Many  factors  must  be  considered  in  determining  the  feasibility  of 
pumping  water  in  large  quantities  for  irrigation  uses,  and  no  factor 
is  more  important  and  more  variable  than  the  cost  of  power  and  of 
operating  the  pumping  plant. 

ELECTRICALLY    TRANSMITTED    WATER    I*OWER. 

In  many  sections  of  the  arid  West  water  power  may  Ik*  developed 
and  the  power  transmitted  electrically  from  the  mountains,  where 
the  power  plants  are  usually  located,  to  the  valley  lands,  where  the 
water  is  to  be  pumped  and  used.  The  commercial  cost  of  electric 
power  so  obtained  may  be  as  low  as  1  cent  per  horsepower  hour  deliv- 
ered to  the  pump  motor.  On  this  basis  the  cost  of  j)ower  for  pumping 
Vx'ater  to  any  required  heit!:ht  would  he  ahout  2]  cents  per  acre-foot 
for  each  foot  of  height  to  which  the  water  had  to  be  lifted.  And  if, 
for  instance,  each  acre  of  land  to  be  irrigated  required  a  total  depth 
of  3  feet  of  water  during  the  irrigation  season  and  the  water  had  to 
l)e  pumped  a  total  height  of  50  feet,  the  total  annual  cost  per  acre  for 
the  power  required  for  operating  the  pumps  would  be  alK:)ut  $3.40. 

Commercial  electric-power  companies  usually  find  it  necessary  to 
charge  more  than  1  cent  per  horsepower  hour — frequently  5  cents  or 
more.  These  higher  rates  are  not,  however,  prohibitive  where  the 
lift  is  not  great  or  a  small  auxiliary  supply  is  required  whenever 
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Urn  lijivin  supply  provi^s  inack^iutiti*  i»r  tlit*  value  of  the  crops 
tively  high. 

On  tin*  (jIImt  Iinnd,  iho  act  mil  **i>st  (jf  supplying  jM)wer  ic 
motors  will  often  Ix*  lesvs  than  1  rt*iit  pt^r  h4ir?^*pn\vt*r  hour,  dop 
ing  on  thi^  first  eo«t  of  the  hytirttulir  workn— such  as  thci  dam,  ft 
faniil  or  [irpsj^ure  pi|H?s,  t*fr.— tin*  sizt*  trf  thw  powt^r  plant,  the  Ii*iig1 
the  t^I ect r ic  t rn i isii 1 1 issi on  1 1 n e »  et i% 

In  tlie  cast^  of  nntional  irripitinn  vvt»rks,  ininininm  caHte  ncB 
exfHH'kMl  for  (*li»eti"ie  puwor  develofied  nml  nKed  foi"  ]tinn|>inji^ 
pi^ht^s,  HiiKO  no  interest  is  ehar^^etl  hy  ihe  (iovermnent  on  llu*  tii 
itdviim^Hl  for  itis^tallitiu:  the  plant,  and  the  it  Fin  of  prtpfi!,s  iiivolvi 
eonuiH'i'riMl  fntrrpriHrs  is  hen*  eIirniniite(K  tlir  nsrrs  t>f  tlu*  |j^ 
\mn;^  lliernsi»lvt»s  the  owner??  of  the  power  plant* 

Still  another  reason  for  expert  ing  a  low  eost  for  ek^ctric  p< 
for  pnnipin^  irrigation  water  should  he  noted  in  the  rase  nf 
bined  itjravity  and   pnniping  Hys^tenis.     Here  it  ofl^*n  hjip[R*] 
one  (iani  sieves  the  double  puriK)se  of  seen  ring  storage  or  dii 
for  tlie  jrravity  snf}])ly  and  water  ]x)vver  for  gpni*ratin§r  the 
|x»wer  rtH|uireil  foi"  piunjiinp 

Agnin,  n  power  plant  may  sometimes  be  placed  in  the  iimiiil 
of  a  ^ravit\'  system  vvhc^re  tlie  roil  tire  tjf  i1m*  t*ijnntrv  i^*fpiir<^ 
water  to  descend  suddenly  to  a  lower  level,  nraking  the  addiii« 
(»o^t  ft*r  the*  ixjwer  develtJjmient  little  moiT  than  the  hare  eoe 
buililirifTJ^,  water  whwis,  an*l  generatoi^s.  In  sueb  ciisi*>  it  i 
!>e  possible  to  iK*  liver  electric  jjower  to  mo  tor*  driven  pumps  at 
than  one-half  cent  |)er  horsepower  hour. 

STEAM    I'OWEB. 

But  many  sections  of  the  We.st  where  water  for  irrigation  nins 
pumped  are  not  s(j  foj-tnnate  ns  to  pixssess  water-power  [Hissibili 
It  then  becomes  rn'cesssiry  to  hunt  for  a  clieap  fuel  supply, 

r<)(?/,— Oosd  ami  o\\  are  found  in  many  parts  of  the  arid  regions 
may  often  be  delivered  at  the  ])uni|^ing  [dnnts  at  very  low  ( 
Western  (*oals  are.  however,  as  a  rnle,  ptxin^r  steam  jiroducrrs  t 
coals  from  the  Eastern  or  Middle  States*  Tests  to  determine  rela 
evaporative  power  have  l>een  ma<le  at  the  coal- 1 est ijjg  plant  nf 
United  States  (Jeolo^ical  Survey  at  the  Louisiana  Purehase  K? 
sitiojj  ut  St.  Ijouis*  wdiieh  when  w  or  Iced  out  will  altord  reliable  data 
eemiparing  the  steHm-prodiu^ing  qualities  of  varieties  of  coals  f] 
all  parts  of  tbe  United  States.  Tltese  tests  will  he  of  special  vahi 
n*gards  ivestern  coals,  which  differ  gn.^ally  in  their  ciniraeteri? 
and  about  which  much  less  has  been  learned  by  jiraetieal  use  tha 
known  regarding  the  coals  of  the  East,  which  have  l>een  longer  in 

The  results  of  various  commercial  tests  indicate  that  under  sim 
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coiulitions  1 .  pound  of  the  bituminous  coals  of  Pennsylvania  or 
West  Virginia  will  evaporate  about  10  pounds  of  water  into  steam; 
1  pound  of  Illinois  or  Missouri  coal  will  evaporate  about  7  pounds  of 
water  into  steam,  and  I  pound  of  western  lignite  will  evaporate  about 
5  i>ounds  of  water  info  steam. 

Many  grades  of  coal  Iwsides  the  lignites  are,  however,  found  in 
diffc^rent  sections  of  the  West,  Colorado  alone  producing  coals  rang- 
ing all  the  way  from  lignite  to  anthracite.  On  account  of  these 
extreme  variations  in  the  character  of  western  coals,  the  cost  per 
horsepower  for  the  fuel  required  in  steam-pumj)ing  plants  will  vary 
widely  in  the  different  sections  of  the  arid  regions. 

Hence,  in  order  to  estimate  closely  the  probable  annual  cost  of  coal 
for  a  given  pumping  j)lant,  it  is  as  important  to  know  the  steam- 
producing  pow(»r  of  the  coal  to  l)e  used  as  to  know-  its  cost  per  t(m. 

In  designing  steam-pumping  plants  care  should  be  exercised  in 
selecting  the  boiler  and  in  designing  the  boiler  setting  to  adapt  these 
to  the  peculiarities  of  the  kind  of  coal  to  be  ustnl.  A  plant  that  would 
give  excellent  results  with  anthracite  or  bituminous  might  be  very 
inefficient  in  burning  lignite. 

EnqinvH. — Having  determined  how  many  pounds  of  steam  may  Ik* 
expected  wilh  the  kind  of  coal  to  l>e  used  it  becomes  necessary  to 
determine  how  many  pounds  of  steam  wull  be  required  by  the  engine 
to  j)roduce  a  horsejx)wer  hour.  This  will  depend  upon  the  size  and 
type  of  engine  used,  as  shown  by  the  fact  that  w4iile  a  500-horsepower 
simple,  high-si)eed,  noncondensing  engine  may  require  iVi  pounds  of 
steam  per  horsepower  hour,  and  a  compound,  slow-speed,  noncon- 
densing engine*  about  25  jxnnids,  a  compound,  high-speed,  condensing 
(Migine  of  the  same  size  will  reejuire  only  about  20  ])oun(ls  of  steam 
]>er  horsepower  hour,  and  tri|)le-expansion  engines,  steam  turbines, 
and  large,  slow-speed,  direct -connected  steam  i)umping  engines  may 
require  l(»ss  than  VI  pounds  of  steam  per  horsepower  hour. 

In  view  of  all  these  variable  factors  it  is  evident  that  pumping 
plants  of  various  designs  and  sizes,  using  vari(»ties  of  coals  which 
differ  widely  in  their  sle.ini-producing  values,  will  show  great  differ- 
ences in  the  annual  cost  for  fuel. 

Sometimes  it  may  happen  that  a  large  and  efficient  plant  will  burn 
bituminous  coal  and  be  able  to  produce  one-half  of  a  horsepower 
p<»r  hour  per  ])ound  of  coal  consumed,  whereas  a  smaller  plant  using 
boilers  and  engines  of  cheaper  and  less  efficient  design  and  burning 
lignite  may  be  able  to  produce  not  over  one-eighth  of  a  horsepower 
per  hour  per  pound  of  coal  consumed. 

The  above  are  not  (»xtrenie  cases,  but  merely  serve  to  show  that  some 
plants  may  use  four  times  as  man}^  tons  of  coal  as  others  in  doing  the 
same  amount  of  work. 
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/^?/mpjs,^M(jreov<»i\  ihe  t*fficicnry  of  tiic  piniipH  would  na  til  rail 
lowi^r  in  tfio  Hiim!li*r  tluiii  in  tlit*  liirgtM-  [ihint,  and  kisj^^s  liy  frii 
uiitl  Itmkatri^  ill  tin*  SI  let  ion  and  pn^ssure  pi|K*s  nmy  further  varj 
ml  in  uf  ron\  UMni  in  tlii*  .st'V(*niI  plants.  Kor  (*oniparis<>n,  (akp  a  p 
nsinj^  t*ojO  whidi  ccist**  $J^  per  ton  and  n^qniring  r>  poinuls  of 
hurn<*d  umli^r  tluA  ImiU^rs  for  vnvh  [ior^t*\m\\'vr  delivt^n^d  to  the  pu 
]wv  \miu\  As>^i!iuing  iin  ellifit^ijev  for  pumps,  suction  and  ilisi^Ji] 
jjipcs  of  TiO  jMM"  n*n(,  Hu*  f(uVl  cost  p4*r  iH*rt*-f<Mj(  jmr  fool  f>f  lift  wi 
Ih>  al>ou<  2  rc^nts*  'j'o  this  iiuist  Ik*  tid<k'd  thfi  cnssC  of  hdH>r  fi>r  4>|Sf 
iri^tho  plfint  suit]  ilei>n'(*iMlion  arii!  n^piiirsto  niiiHnnt*ry,  which  w^ 
lirin^  tlip  eosi  to  i^  cHit*!  pcT  um^-fm>t  por  f4K>t  of  lift,  or  a  tottil  ciia 
^tnTiO  |>i*r  at^nr  i>cr  yt^ar,  InisiMl  on  u  duty  of  '1  Hriv-f*'t4  per  nv] 
yoiir  and  a  lift  of  tii)  ftn^t.  lu  ^niend.  thp  hirgcr  tho  piunp  iinil 
thi*  lii*rh<'r  tht^  lift  tlu*  snialh^r  v^ill  In*  tlu*  wst  jkt  acn»*ft>fji  j>e| 

of  lift. 

As  a  pmelical  illiistnHion  of  wimt  is  now  iM'in^  don^^  considc 
[>innpin^  |)hints  in  tist*  for  supplying  wati*r  for  irri^atin^^  ><u^nr^! 
filnnhilirnis  in  llawnii.  Kincty-iivi*  prr  (H^nt  of  tht^  pumps  arc*  mtej 
<hMvem  dircrt-eonnt^t^iiHl,  rt*ripr(H^alin|i:  jiunips  of  Worthingtim 
Uii^dhT  type.  71ir  lifts  are  usujdiy  fnnn  HX)  to  r*m)  U^^u  Tl 
stoanj  phints  contain  the  most  oiTiciinit  i^quipinent  obt^tnablo,  J 
l^rit-e  of  coal  avt*ragi*s  ahtail  $12  per  ton.  " 

Tht^  cost  of  punijjin^  irripitinfr  water  under  these  eonditions 
rrport(^<l  by  Mn  Jan^l  (i.  Sniitlu  spccijd  jiircnt  of  the  a^i'ifultii 
dc[)artuient  in  Hawaii,  as  ftdlows:  TIil^  cost  for  coal  for  two  stei 
driven,  direct -acting,  plunder  pninps,  with  a  comhiiicd  capacity 
uhont  22  acn^-feet  i>cr  day,  pinnjun^  Mpiinst  heads  of  U5  and  100  f 
resiK*ctivcly,  jncra*£e(l  ahont  4.2  ciMits  |K*r  acre- foot  per  foot  of  li 
the  cost  for  coal  for  three  Eiedler  pnnips  having  a  cotnbii 
capacity  of  nhoul  <U'*  acn''f^»^4  per  day,  pnni]>in^  a^^ainst  heads  of  : 
and  300  feet,  aveni^cd  a  trifle  t>ver  li  cents  per  acre- foot  per  foot 
lift. 

This  is  an  excellent  sliowing  for  the  Riedler  pumps,  consider] 
the  hi^Ii  price  of  conl.  The  cost  jier  acre  [)er  year,  assuming  a  di 
of  :^  acre- fei't  per  acre  and  a  pumping  lift  of  200  feet,  wonlfl 
al>out  $1),  This,  and  nmch  jp'eater  annual  costs,  can  easily  be  j>i 
fro m  they eu rly  rece i j > t s  f i-on i  an  nc re  o f  s i iga r  ca n e ,  si t i ce  th e  a  vc n 
yield  is  atiout  11  tons  of  sugar  per  acre  and  its  selling  price  i 
per  ton. 

In  general,  the  higher  the  lift  the  less  the  cost  ]>er  a  ere- foot  [jer  f 
of  lift.  For  comparison,  consider  the  costs  for  twti  hirge  pumpi 
plants  ill  Kgypt,  whei^*^  the  pumping  lift  was  only  tU  feet.  The  c 
of  coul  being  $1)  per  ttai,  the  cost  per  a  ere- foot  per  f<mt  of  lift  was 
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one  case  7.2  cents  and  in  the  other  8.5  cent.s,  including  fuel  and  lal)or. 
Compound  condensing  engines  were  used,  and  presumably  the  whole 
plant  was  designed  for  high  efficiency. 

OIL — Crude  oil  burned  under  steam  boilers  is  an  ideal  fuel  when 
its  cost  is  not  too  high.  Oils  from  the  wells  of  the  principal  oil  fields 
of  the  country  vary  little  in  their  steam-producing  qualities  as  com- 
pared with  the  variations  in  different  coals. 

Oil  usually  gives  better  efficiency  than  coal  under  steam  boilers,  as 
shown  by  tests  made  by  the  Engineers'  Club,  of  Philadelphia,  giving 
the  following  results:  1  pound  anthracite  coal  evaporated  9.7  pounds 
of  water;  1  pound  bituminous,  10.14  pounds;  1  pound  fuel  oil  (30° 
in*avity),  10.48  pounds  water,  indicating  that  a  pound  of  oil  will 
evaporate  00  jx»r  cent  more  water  than  will  a  pound  of  coal.  Tasts 
made  in  1893  by  the  Twin  City  Rapid  Transit  Company,  of  Min- 
neapolis and  St.  Paul,  showed  that  in  their  plant  it  was  equally 
economical  to  burn  Lima  oil,  costing  1)5  cents  per  barrel,  as  to  burn 
coal  costing  $3.85  per  t(m,  the  evaporation  of  the  (»oal  Innng  7i  pounds 
water  jx^r  pound  of  coal;  these  results  include  the  ditference  in  the 
cost  of  handling  the  coal,  ashes,  and  oil.  A  test  made  by  the  Illinois 
Steel  Works  showed  that  one  week's  work  required  2,731  barrels  of 
oil  against  848  tons  of  coal  to  do  the  same  work,  a  ratio  of  3.22  barrels 
of  oil  to  1  ton  of  coal,  or  about  2^  pounds  of  coal  to  1  pound  of 
oil ;  Indiana  block  coal  was  used.  In  this  case  the  cost  for  oil,  at  93 
cents  per  barrel,  would  equal  the  cost  of  coal  at  $3  per  ton  to  do  the 
same  work.  On  the  basis  of  2  pounds  of  oil  burned  under  the  lK)iler 
for  e^ch  horsepower  hour  delivered  to  the  ])ump  shaft,  the  cost  for 
oil  would  be  about  2  cents  per  acre- foot  per  foot  of  lift  with  oil  at 
95  cents  per  barrel,  or  a  total  cost  of  about  $4.50  per  acre  per  year, 
assuming  a  duty  of  3  acre- feet  per  acre  and  lift  of  50  feet. 

INTERNAI.-COMBrSTION    ENGINES. 

Oil  may  Ix^  used  with  greater  efficiency,  however,  in  internal-com- 
bustion engines,  and  these  cost  less  than  a  steam  boiler  and  engine  of 
the  same  capacity.  I)esi(les  requiring  less  labor  to  operate. 

These  engines,  if  designed  to  burn  crude  oil,  are  provided  with  an 
attachment  called  a  generator,  in  which  the  heat  of  the  exhaust  fnmi 
the  engine  is  applied  to  the  oil,  thus  raising  its  teinp(M-ature  suffi- 
ciently to  separate  the  volatile  matter  from  the  residue.-  The  gas 
thus  formed  is  burned  in  the  engine  cylinder  with  a  high  thermal 
efficiency.  The  residue,  which  may  amount  to  50  per  cent  of  the 
crude  oil  used,  is  suitable  for  many  purposes,  such  as  lubrication, 
road  surfacing,  etc. 

The  thermal  efficiency  of  steam  plants  ranges  from  about  5  per  cent 
to  10  per  cent;  that  is,  only  5  per  cent  to  10  per  cent  of  the  heat 
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oiH^r^y  ill* the  loirl  nr  oil  burned  Is  traiisfornHHl  into  lii^fiil  woi 
ri*ni«inin|Lr  **0  per  tviit  ur  95  [jer  rt^iit  Imtig  IcBt  in  the  boile 
on^nm^^  yiii'  thoniDiI  <^ffrcit*Mcv  of  iiitenuil-rnTnliustiott  <*ngin5 
jKJt  ofUMi  iv^s  than  '2U  \n*r  ftuit,  mid  i.s  frtH[iK*ntly  mmi'  tluiii  lU} 
cf^nt,  A  TH^oiit  tt*8t  of  n  ^4f>*hor^^  power  Duvsnl  oil  eiigifit?  **ht*w( 
llienutd  eflicieniT  t»f  42.H  [urr  ri'iif.  J 

To  ilhistrutis  asHiniie  thai  an  oil  engjiic%  nmig  ermle  oil  cif  m 
Urn  cHh>riKt'  vuhie  is  hH,(HX)  Im'iiI  uiiit?^  j>**r  poiincK  |>rtKliu:irig:  a  i 
(hu^  jniioinitiii^x  t<*  (*nodi)i!f  of  Hh-  fjiuiDtity  f*t  oil  iisf(L  sliu« 
therunil  i-flieiency  of  if 5  jK*r  rent.  Then  alKjiit  i,2  jkhiihIs  of  rr 
oil  woiihl  he  n*f[inivd  |)er  liori^^power  hour,  costing  about  OA  r. 
if  oil  eosts  IH)  ei'iits  |H'r  (jiirreK  Tlie  <xisl  of  oil  would  then  he  iiei 
1  fH*ut  per  uere-fooi  [*t*r  fcMit  ut  lifl,  if,  its  iMditre,  pump  ellirienei 
taken  at  (»0  per  eenL  Adding  oiiedialf  rent  per  aere-fm*!  to  ii 
hi  I  Kir*  rpj»UJ"H,  juid  d<*pret*iiiliori,  the  total  eosi  pvr  yi*ni\  fi.^^T]miii 
chily  of  t\  ai-re-fi-et  |jer  acre  and  a  |>nmping  lift  of  5(1  ftvt,  wcit; 
about  l^ilJr*  |kt  acre. 

The  sum II  gas  or  oil  engines  iiserl  for  pumjiin^  nsiiatly  hum  « 
tillat«%  gasoline,  or  kerofieiie.  and  nHpiire  uboiil  half  the  qiiitntity 
would  In*  n^tpnrtnl  if  ennle  (Jil  wen*  uhimI  to  do  the  same  work, 
cost  per  «rallon  varies  from  about  10  to  iH)  eenls  in  different  f^^^cm 
hut  at.  15  mnts  per  gallon  the  eost  per  nejv-foot  jK*r  f(HJl  of  lift  wo 
Ik*  about  '^i  cents*  If,  as  In^fore,  we  add  onedmlf  cent  for  liibon  « 
making  4  eentJs  jx^r  acre-foot  pi^i-  fca^t  of  lift*  the  totiil  cost,  basted  o 
duty  of  ?>  aeiv-feet.  per  acre  ami  a  .M)-foot  pumping  lift,  is  apprc 
mat  el y  $ti  per  nere  })er  year. 

Some  of  thr  results  actuallv  obtained  in  ]>ortioiis  of  California 
rc^ported  as  follows:  Five  engines,  rated  at  5,  (U  J2,  IC,  and  20  hoi 
posvrr.  :dl   burning  distillate  whii-h  cost  10  cents  per  gallon,  o 
resjiectively,  4,B  cents,  7^^  cents,' li  cents,  1»1  cents,  and  1,0  ct?nts 
a  ere- foot  per  foot  of  lift  for  fuel  and  operation.     Two  engines  ra 
at  20  anrl  22  hoi>^^ power,  burning  ermle  oil  which  cost  'H  cents 
gallon,  cost*  res[H*ctively,  0.9  cent  and  0.8  cent  per  acre- foot  j^er  f 
of  lift  for  fuel  and  opi'nition. 

In  general,  large  engines  are  more  economical  than  small,  and 
statement  of  costs  given  above  seems  to  bear  tliis  out,  with  so 
exceptions.  Two  items  enter  into  statements  of  this  kind  wdiieli 
not  always  clearly  defineil  [uid  so  aifeet  eouiparutivp  results  un 
countal>!y.  One  indefinite  item  is,  how  much  is  charged  to  the  pi; 
to  covta^  r>|)eraMng  expcnse^s,  in  some  easels  practically  nothing  Ik* 
charge<l,  it  bei ug  elaimeil  that  the  man  wdn>  ran  the  pumping  on 
bad  to  l>e  employed  anyway  and  the  amount  of  tinw?  given  to  t 
Wiirk  did  not  a|^]UTciabty  lessen  the  amount  of  other  w^ork  he  ^ 
able  to  perfornip    The  other  uaceilain  element  is  the  cfTiciency  of 
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pump  as  aflFected  by  the  relation  between  the  speed  of  the  pnmp  and 
the  punij)ing  lift.  It  is  often  inconvenient  to  change  pulleys  so  as 
to  keep  the  spwd  of  the  pump  right  for  the  varying  lifts  sometimes 
encountered ;  consequently  the  plants  are  operated  sometimes  for  long 
periods  at  comparatively  low  efficiency. 

GAS   ENGINES. 

All  internal-combustion  engines  really  operate  as  gas  engines, 
since  even  when  crude  oil,  distillate,  gasoline,  or  kerosene  are  burned 
in  the  engine  this  lifjuid  fuel  is  transformed  into  a  gas  prior  to  com- 
l)usti(m  either  before  or  after  entering  the  engine  cylinder.  It  is 
therefore  but  a  ste])  from  oil  engines,  so  called,  to  gas  engines  proper. 
This  distinction  sini])ly  implies  that  the  latter  type  of  engine  receives 
the  gas  consumed  by  it  from  an  independent  source,  namely,  some 
kind  of  gas  producer. 

Natural  gan, — (^n  irrigation  works  it  will  not  often  happen  that 
natural  gas  or  illuminating  gas  can  be  supplied  to  gas  engines  for 
operating  pumps,  but  the  possibilities  of  producing  in  an  economical 
way  some  kind  of  fuel  gas  for  pumj)  engines  are  worth  considering. 

Producer  (fas, — The  fuel  gas  known  as  "  producer  gas ''  is  prob- 
ably l)est  suited  to  the  conditions  met  in  irrigation  problems.  The 
design  of  the  producer-gas  plant  will  depend  upon  the  character  of 
the  fuel  available.  The  best  results  may  be  expected  when  anthra- 
cite or  coke  are  us(»d,  yet  excellent  gas  can  be  produced  with  good 
economy  from  lignites  or  very  poor  grades  of  bituminous  coals. 
Antliracite  coal  yields  in  producer-gas  plants  of  100  to  400  horse- 
power capacity  about  7r)  to  SO  cubic  feet  of  gas  per  pound  of  coal 
consumed,  and  the  calorific  value  of  the  gas  is  about  125  to  140  heat 
units  per  cul)ic  foot.  A  gas  engine  having  a  thennal  efficiency  of  25 
])er  cent  and  a  mechanical  efficiency  of  S5  per  cent,  if  su]>plied  with 
this  gas,  would  consume^  00  to  100  cul)ic  feet  of  gas  per  horsepower 
hour.  This  corresponds  to  1.1  to  1.:^  pounds  of  coal  per  horsepower 
hour,  f^ither  with  lignite  or  other  grades  of  coal  having  only  two- 
thirds  the  heating  value  of  antln-acite,  a  combined  plant  of  this  kind 
would  require  less  tlian  2  pounds  of  coal  per  horsepower  hour,  which 
is  less  than  half  the  amount  recpiired  for  steam  plants  of  similar  size. 

MakiTS  of  gas  engines  and  producer  plants  will  guarantee  that  the 
coal  c(msumpti()n  will  not  exceed  1]  pounds  per  brake  horsepower 
hour  for  sizes  above  100  horsepower,  and  undoubtedly  better  results 
than  this  have  been  freciuently  obtained  commercially.  On  this  basis, 
with  coal  at  $5  per  ton,  assuming  as  heretofore  a  net  efficiency  of  00 
per  cent  for  pumps,  suction  and  discharge  ])ipes,  the  cost  per  acre- 
foot  per  foot  of  lift  is  about  0.7  cent.    The  same  results  would  be 
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secured  by  w^'mg  a  poorer  coal,  like  lJgiiit£>H,  cost  in  js^  $;i.20  per 
a  boat  '2  ixjiinds  were  required  per  horsepower  hour.     In  either 

the  rfist  fiw  the  eoMl  n^qnin-d  for  i>iniipin|^  wonhl  Ik*  aboiH  $L0 
Here,  on  th^*  hnsfs  uf  l\  nere-fn't  per  uere  ami  a  lift  t»f  ttO  fei^t*  _ 

Where  jjunips  ttike  tlieir  water  from  welb,  Rtnaller  en^iw 
lOO  ti orst*] JO sver  nre  ii^iiijilly  rKpiin^<h  niifl  n  t^iii<xh'  ^Ht^-prnc hirer 
will  liiive  (o  Hij[iply  Hevevitl  small  pumping  plafjt^%  ^shirli  may  1^ 
fiiderahly  Heatteri*<K  It  thus  iKTomes  neeessary  to  extend  f^nfl 
frniti  (he  pis  [irtJiliHrr  lo  the  pimips*  thim  iiien^aHiii|j  tlu-  tir^t  f% 
the  piiiijping  system  Nomewliat.  T\m  ftihlitionul  tir^-t  c«ist  n 
however,  lie  mon*  than  (>ffs4*t  by  tlie  saving  in  fuel  itiul  oper 
expeiisc»s,  By  thi?^  pi  sin  Ji  eofisiderahle  niuuher  of  [in  nips,  hniit 
welJs  se.rtltoiHMl  owv  ^ev(*i"al  M[nMn'  niiles,  rnl^ht  Im*  more  ^Hnuiom' 
njK^rated  by  ga?;  engines  supplied  from  a  central  gas  plant  th 
any  oth<u'  way,  m 

Tiu'  first  e*»st  of  gas  engines  niid  producer  plants  wi>tjl<]  IhqI 
what  more  than  Unit  of  the  u^nal  Hteam  engines  RntT  Inulers  ci 
s<Rine  rated  hors;e]>ower.  nnd  the  depreriation  and  repiut-s  wot i Id 
haps  lio  slightly  gn^aten  On  thi^  tidier  hand,  llu^  rust  *»f  fuH 
labor  for  ojHTation  might  be  reduced  M  per  eent  or  innn*.  m 

\Vhert*\rr  largt*  purii[nng  phints  in-e  ri'tjiiir-inl,  as  f(n'  lifting  1 
from  a  eamil,  reservoir*  or  stream  lo  hmd  itm  high  to  \h'  reaehc 
gravity  systems^,  a  eombinntion  of  gas  onginfB  nnd  a  fnel  ^s  j 
won  hi  pnilmbly  e  fleet  n  very  gn^at  snring  over  steam  rtjijipniei 
oil  (Migines  as  n^gnrds  fiieh  Ix^sides  being  (|ni(e  as  reliable^  safer^ 
rcfiniring  let^s  skilled  labor  in  their  operation. 


SUMMARY, 


As  n  resume  of  tln^  above  outline  of  tln^  ])rincipal  s^iurees  of  p 
avaihi}>le  for  pumping  purpost^s  ami  the  relative  costs  involved 
following  sttiteim^nt  si-eins  warranted: 

That  the  t'le^apest  j>ower  in  those  loealities  when^  the  condil 
for  developing  and  transmitting  the  power  are  favorable*  wil 
derived  fnnn  water-powt*!-  plants;  that  st^^:lm  bnih^rs  and  en^ 
t-honld  l^e  seh»eted  <mly  for  large  plants  and  in  ItK^alilievs  where 
whether  eoal  or  erode  oil,  is  exeeptiotially  flieap;  that  for  si 
plants  int(^rnahe<anbustion  engines  should  gen**rallv  be  nse<K  w 
ever  crude  tTih  distillati\  gasoline,  or  kerosene  can  be  obtainei 
reasonable  prices,  ami  that  the  greatest  economy  may  be  expe 
where  crude  fiil  is  usi^l ;  that  iti  the  majority  ai  eases,  where  fat 
^ome  kind  must  be  the  source  of  power,  the  combination  of 
engines  with  fuel  gas-producing  plants  should  give  the  most  s 
factory  results- 
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IRRIGATION  DEA'^ELOPMENT  IN  NORTH  DAKOTA. 

By  H.  A.  Storks. 

Surveys  and  examinations  of  the  entire  arid  portion  of  North 
Dakota  have  l)een  pushed  systematically  and  energetically  hy  the 
Reclamation  Service  in  the  effort  to  discover  a  locality  where  the 
natural  conditions  offer  a  fighting  chance  of  working  out  a  feasible 
irrigation  project.  The  topographic  features  of  the  State  are,  how- 
ever, distinctly  unfavorable  to  the  storage  and  diversion  of  water 
from  its  streams,  and  North  Dakota  seems  to  possess  few,  if  any, 
l>ossibilities  of  large  irrigation  projects. 

The  Missouri  affords  an  abundance  of  water,  but  the  irrigable  lands 
along  its  banks  exist  either  in  small  tracts  at  low  elevations,  or  in 
extensive  plains  at  high  elevations  above  the  river.  The  lower  lands 
are  not  sufficient  in  extent  at  any  location  to  warrant  the  enormous 
expense  involved  in  damming  and  diverting  the  waters  of  the  Mis- 
souri. The  higher  lands  could  be  reached  only  by  dams  of  great 
length  and  height  or  by  large  canals  several  hundred  miles  long. 
Neither  of  these  methods  is  considered  feasible,  in  view  of  the  unfa- 
vorable topographic  features  presented  and  the  enormous  expense 
involved. 

The  smaller  streams  are  flat  in  sloj)e,  variable  in  flow,  devoid  of 
favorable  res(»rvoir  sites,  and  hemmed  in  by  high  banks  of  earth,  all 
of  which  conditions  are  unfavorable  to  storage  or  diversion  of  irri- 
gating water  on  a  large  scale.  The  conditions,  however,  on  most  of 
the  streams  west  of  the  Missouri  are  distinctly  favorable  to  small 
(lams  and  pumping  plants  which  j^rivate  enterprises  will  no  doubt 
utilize  in  the  near  future. 

During  the  past  season  it  was  determined  to  ascertain  whether  it 
would  l)e  feasible  to  pump  water  from  the  Missouri  for  irrigating 
the  inviting  bench  lands  which  extend  for  many  miles  ahmg  its  banks. 
The  Kcclamation  S(M*vice  has  been  unwilling  to  resort  to  this  method 
of  securing  irrigating  water,  on  account  of  its  presumed  high  cost,  if 
any  cheaj)er  or  simpler  method  could  be  discovered.  The  feasibility 
of  any  j)umping  project  is  not  assured  until  it  is  deuumstrated  that 
the  value  of  the  lands  and  croj)s  will  warrant  the  necessary  ex])endi- 
ture  for  pumping  machin(Tv,  canal  system,  and  annual  operating 
expenses. 

The  engineer  can  determine  the  natural  conditions,  the  cost  of  irri- 
gation works  and  their  maintenance  and  operation,  and  can  present 
figures  showing  the  cost  ])er  acre  for  irrigating  a  pro[X)sed  tract  of 
land.  It  then  rests  with  the  land  owners  to  decide  whether  they  will 
agree  to  pay  what  is  recjuired  to  install  and  operate  the  proposed 
irrigation  works. 
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Tlie  [M^oplp  nf  North  Uakoti^i  have  innrli  to  learn  tx*|jfinl 
\ii\uv  of  irripUiun.  AIniosi  tio  inipitiori  Imn  liei*ii  att^miitnl 
ttii\  and  I  In*  iiin  jr>rt(y  of  f:inin*rH  have  hutl  iu>  ti|>p<>rt  unity  In  ^.n^ 
iias  U'l^n  !irron*|jli.sh(nl  in  oil  in-  SIhIi^h.  ITtuhnjiUtMlly  when  lii«* 
115  h}  ihi'  itiriva^e  in  the  atiiouiit  and  vnliic*  of  vrtnya  tii  lie  i^cufl 
Trj<*ans  of  irri|fiMitMj  iiih*  |>n^sf^nt*'tl  to  and  iniiIi*rstiKMl  by  tin*  pi 
they  w  ill  Im^  as  n^aily  lo  atropt  ll^i*  roiidition^*  aiul  stviin'  I  hi*  hi'i 
H'snltiii^  fnnn  nn  laiiiHtiun  pniji^ds  hjs  have  heuu  thu  famiors  in  i 
tana  and  olhor  ^Vosh*t■n  States, 

Ah  i\  iH*H!ilt  (if  pirlirniuaiy  iiivTstipUioiis  not  yet  eiinifih'ltMl 
KiM'hiniation  Serviix*  will  noon  present  to  lan«h)wntM'H  in  tlie  vie 
of  liiniiian^k,  HnftM-d,  TE'injiou,  and  possihly  sonu*  othor  hH-iiIiht 
jiivkpositioti  Ui  enn*t  pinii|)in^^  |>huitH  at  tUcw*  pIiu-i*H,  (irovidi 
poopU*  will  iifj^vxH"  to  c'*KJi><^nUe  in  tlit*  cnkTpri>?*?5^. 

Thi^  cikslN  proinisi'  to  In*  IhH  little  if  iiny  higher  than  ffir  rnan 
I  hi*  projr'cts  in  nlluT  Slates,  wliere  an  hihhimI  rlrar*::^'  '*f  ^^  to  $1 
a^n^*  ii^  reqnirf*d  dnrinjf  the  tirst  ten  yeai's.  Thi**  anioniit  pnyn  foi 
ii'fipition  wtiHvs  in  ten  aim  mil  installments  in  aeeordaiu-i*  with 
lenns  of  tUe  leehinintion  net,  and  ulso  pays  ttie  rost  of  cifiera 
ifxpouHew  during  thi^  first  ten  y^arsii*  During!:  suhsiwpient  years 
anrnjal  ehar^'  et^vers  only  rraiintenaitee  ainl  opei'atin^'  i^xpetiMi^t^ 

In  prcjjivt^  involving  steanj  or  gas*engine  pumping  pl^iitP 
o f K^ ra t  i 1 1 g  ex [ kh im^s  will  p rn t>a  1  j  1  y  1  w^  grt *a t er  t h a ii  on  gi"a v i t y  ^y sJ < 
These  operating  expenses,  however,  will  he  ai)proxitHateIy  pntij 
tiona]  to  tlie  amount  of  water  actinilly  pum|K?d.  Consequently 
yearn  of  heavy  rainfall  the  operating  expenses  will  l>e  smsiU, 
pump] Jig  pliHits  are  ri^ally  a  resi^rve,  to  he  ealleil  nj)on  to  sijp|>ly 
dt»ii*'ieneies  of  rainfsill  anil  nmMdT.  JJy  storing  all  the  thnxl  wa 
of  snnill  sti-eanjs  within  the  area  covered  hy  the  project  the  run 
nuiy  niattH-ially  lessen  the  tjinanlity  of  wati^r  which  has  to  1.k»  piim] 

In  general  it  may  be  slated  that  tlie  jannping  works  and  c: 
systems  for  the  two  projects  t^xamiiied  won  Id  Ik*  paid  for  in 
annnal  payments  not  ex<*eeding  $2  per  aere  eaclL  The  niaiiiten^j 
i*harges  wmild  involve  an  additional  annnal  payment  ijf  ahout  $1 
acre  and  wonld  he  praeticnlly  constant,  whether  much  or  little  i 
gating  wati*l'  was  nsed.  The  operating  expenses  would,  ho  we 
vary  uce<unling  to  the  amount  of  water  actually  nsed*  and  wc 
anuunil  to  little  or  nothing  during  veal's  of  ahinulant  rain1 
During  dry  years,  wln'U  as  much  as  2  acre- feet  [hm^  acre  might  he  u 
the  total  for  maintenance  and  operation  would  approximate  $*2 
«cn*.  The  pnini>iog  plants  will  have  a  capacity  of  2  acn^-feet  per  s 
for  tlie  entire  tract  during  an  irrigation  s4:nisou  a]w  hmidred  day: 
length.  On  this  laisis  the  pn>hal*le  ainnial  operating  expenses  h 
heen  e^stinuited.  This  amount  is  ]>robahIy  the  jnaxinnini  tliat  wil' 
Inquired  if  economy  is  exercised  in  tlie  use  of  water. 
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The  Bu ford-Trenton  project  includes  about  18,000  acres  and  the 
Bismarck  project  about  15,000  acres.  Both  projects  are  on  the  l(»ft 
bank  of  the  Missouri,  the  former  near  the  Montana  State  line  and 
the  latter  soutli  and  east  of  Bismarck.  The  latter  may  be  consiiler- 
ably  extended  after  the  surveys  are  completed  and  the  results  studied. 
Possibly  it  will  be  thought  advisable  to  erect  a  central  power  station 
convenient  to  the  coal  supply  and  transmit  the  power  electrically  to 
the  pumping  plants,  thus  saving  transportation  of  coal  to  pum])ing 
plants  located  at  a  distance  from  the  railroads  or  coal  mines.  In 
any  event  the  landownei*s  along  the  Missouri,  and  possibly  otluT 
rivers  in  the  State,  will  soon  have  an  opportunity  to  signify  their 
desires  regarding  the  construction  of  national  irrigation  works  within 
the  confines  of  the  State. 

<-.        RECORDS  OF  FL.OW  AT  CURRENT-METER  GAGING 
STATIONS  DURING  THE  FROZEN  SEASON. 

By  F.  H.  TlLLINGIIAST. 

GENERAL   WINTER   CONDITIONS. 

In  the  determination  of  the  volume  of  flow  of  rivers  for  conditions 
of  open  channel  at  the  ordinary  current-meter  gaging  stations,  the 
methods  of  the  United  States  Geological  Survey  are  well  defined 
and  the  limits  of  accuracy  are  known  to  lx»  reasonable.  For  ic(» 
conditions,  on  the  other  hand,  records  of  gage  heights  are  not  uni- 
form, knowledge  of  the  relation  of  gage  height  to  discharge  is 
meager,  and  estimates  of  flow  are  often  much  in  error. 

Throughout  the  Northern  States  the  most  severe  droughts  occur 
in  the  winter  months.  AA'henever  the  streams  an*  closed  by  ice  with 
a  low  condition  of  ground  water,  if  the  p(»ri()d  of  cold  is  long  con- 
tinued, there  is  sure  to  result  a  period  of  (»xtremely  low  stages  of  the 
rivers;  for  during  the  frozen  season  no  surface  water  finds  its  way 
to  the  streams,  the  precipitation  being  all  stored  in  the  form  of  snow. 
One  or  two  such  periods  of  low  water  have  been  known  in  which 
there  has  l)een  a  draft  upon  the  ground  water  covering  a  period 
of  nearly  six  months,  and  th(»  streams  have  discharged  a  smaller 
amount  than  has  l)een  recorded  with  open-channel  conditions. 

It  is,  therefore,  very  desirable  that  a  full  investigation  should 
be  made  of  the  whole  subject  of  flow  of  water  under  ice,  in  order  to 
determine  the  best  methods  for  making  discharge  measurements,  the 
gage  height  to  be  used,  and  the  probable  accuracy  of  the  results. 
None  of  these  matters  have  received  adequate  attention  and  there 
are  comparatively  few  data  bearing  upon  the  subject. 

The  winter  conditions  in  many  rivers  vary  through  a  large  range, 
from  those  which  may  be  called  normal,  in  which  the  ice  remains 
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practically  in  the  position  in  which  it  has  formed  and  the  stream  is 
quickly  closed  by  a  uniform  cover  of  ice,  to  those  where  the  ioe  has 
been  broken  and  is  either  flowing  in  large  blocks,  often  practicallv 
filling  the  whole  section  of  the  river,  or  has  been  gorged  to  form 
temporary  dams.  To  these  latter  cases  no  general  rules  can  apply; 
each  must  be  considered  as  a  problem  by  itself. 

With  unbroken  ice,  fair  estimates  of  flow  are  possible.  '  There  is, 
however,  a  wide  range  in  so-called  normal  conditions  of  ice  through 
all  stages  in  ice  development,  from  the  first  fringe  along  the  shore 
to  the  solid  cover  of  smooth  ice  varying  in  thickness  to  a  maximum 
of  30  or  even  40  inches.  With  a  foiling  stage  of  the  river  the  ioe 
cover  may  not  rest  entirely  on  the  water,  but  may  act  in  part  as  a 
bridge  supported  on  the  banks;  on  the  other  hand,  with  a  rising 
stream  the  pressure  of  the  water  under  the  ice  may  be  greater  thin 
that  due  to  the  weight  of  the  ice. 

FLOW.  UNDER  ICE. 

There  have  been  made  several  series  of  current-meter  measurements 
of  flow  under  ice  by  the  hydrographers  of  the  United  States  Geo- 
logical Survey.  The  measurements  have  been  tabulated  according 
to  increasing  gage  heights  and  compared  with  discharges  as  obtained 
from  the  open-section  rating  table,  as  shown  below : 

Discfuirge  meaauremeiiUj  with  ice  conditions. 


Qage 
heijf ht  to 
water  sur- 
face. 

Thickness 

of  ice,  in 

feet. 

j 

Average    1  Actual  dis- ,  Discharcre 
depth  of         charge      from  rating 
water        (closed  sec- 1  table  ( open 
below  ice.         tion ) .          section ) . 



L  RIVER  AT  NEWPALTZ,  N.  Y. 

Coefficient 
for  reduc- 
ing open 
section  to 
ice  condi- 
tions. 

WALLKn. 

7.14 

1.1 

5.4 

332 

805 

0.41 

7.33 

2.0 

4.6 

288 

855 

.34 

7.68 

1.1 

6.0 

597 

1,105 

.54 

8.75 

1.0 

7.2 

945 

1,765 

.54 

8.97 

1.0 

7.4 

1,167 

1.910 

.61 

10.80 

1.0 

9.2 

2,028 

3.250 

.62 

11.10 

.8 

9.2 

2,293 

3,494 

.66 

«11.40 

' 

3,040 

3,746 

&13.60 

a  15. 75 

17.23 

3.277 
5.985 
6,063 

5,660 
7,650 
9,170 

.9 

15.5 

.66 

a  Parti 

7  open  Cham 

lel. 

6  Ice 

piled  along  1 

mnks. 
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Qnge 
height  to 
water  snr- 

fiice. 

ThicknesB 

ATowge. 
depthof 

water 
below  Ice. 

Actual  dli- 
oharge 

Diacharge 
fromratuig 

Ooefflotent 
for  redno- 

ioeoondi- 
tions. 

«6.63 

BONDOUT  CREEK  AT  R08BNDALB,  N.  Y. 

0.8 

5.6 

222 

802 

0.73 

ft  6. 83 
^7.43 
ft7.50 

428 

772 
342 

484 
910 
971 

.7 

6.0 

.35 

7.98 

1.5 

5.7 

548 

1.402 

.89 

7.96 

.5 

6.8 

676 

1,432 

.47 

8.61 

.2 

7.7 

1,185 

2,120 

.56 

B80PU8 

CREEK  A' 

r  KING8TC 

_ 

245 
887 
476 

►N,  N.  Y. 

822 
876 
681 

«5.25 

05.47 

6.80 

0.8 
.3 
.1 

2.9 
8.1 
4.4 

•      0.75 

«6.48 

.1 

4.2 

522 

675 

__.. 

6.60 

.8 

4.0 

425 

741 

.57 

6.70 

.8 

4.8 

580 

782 

.68 

«6.80 
«9.01 

.4 
.3 

4.6 

6.8 

654 
1,687 

828 
1,947 

12.70 

.4 

1 

10.8 

3,461 

5,008 

.08 

1 

FISHKILL  CREEK  AT  GLENHAM,  N.  Y. 


4.25    i 

0.4     ' 

3.5 

100    1 

300    i 

O.'Sli 

4.87    • 

.5    , 

4.0 

202     1 

554     1 

.37 

5.00    ' 

.5 

4.0 

261     ■ 

615     1 

.43 

CAT8KILL  CREEK  AT  SCJl-TH  CAIRO,  N.  Y. 


1                       1 

'     «3.30    1          0.4 

2.5 

110               120             0.91 

1     «3.50                .8 

3.0 

148               152               .97 

1        4.72    ■          1.0 

1 

3.0 

1 

363               660               .55 

! 

"  Partly  oix^n  chanr 
»  Anchor  ice. 

r  !<■<•  pllwi  up  along  l>anlu. 
*  Water  baclced  up. 
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TbfekDtitt 

nf  Ice,  in 

feet 

ATCrtHigV 

depth  ill 

Acttul  dft- 

1    MecrfJini ». 

OOJfNKCTItnJT  BIVEH  AT  OEFOBD.  N.  HL 

i.m 

S»0 

11.0 

7W 

1.7045 

f»*46 

4.m 

3.0 

5.0 

790 

t«Tfl$ 

.44 

Lm 

S.t) 

5.0 

71*6 

l,fton 

,44 

4.  It 

L0 

5JI 

«T0 

I.HSfl 

.46 

4*15 

I.U 

5.0 

884 

1,1^5 

,411 

4.3« 

2,0 

fi.0 

7fl3 

1«8H0 

*1S 

fl.flo 

L2 

7.0 

2,fl30 

4/130 

.OS 

i\.  mt 

t.4 

7  J) 

SJimi 

4,4fiO 

.01 

7.IMJ 

LS 

7.0 

2.tl70 

i.im 

.09 

T.40 

1.4 

7,0 

^.mi 

5.<IOii 

.ao 

7.45 

t.4 

".0 

%9m 

11. 05a 

.S0 

7.45 

L4 

7,0 

a,  080 

5,0S& 

.60 

vBi^orrTY  otr  flow. 

The  results  of  tht^e  mea&ui^inent^  ha\^e  been  stiidiof]  to  a^r^t 
ihe  effect  of  the  lee  cover  uprm    (1)    the  vertinil   flistrihutiot 

v*.*liK'ity.  i^spe(*ially  ui)i>n  the  pi^sitiim  of  tlie  point  of  iin*jni  vt*lo 
anti  i'l)  the  ratio  of  pi^c  hci^Hit  to  ttischiirge  as  com  pa  ret!  ' 
that  ratio  for  npt*n-rhaniu*I  conditions 

OhservntioiH  witc  taken  ihroufrh  ho]i*s  cut  in  the  ice  at  rej 
d i i^i a n ces  a ( * n ^ss  t h **  st  iv nm.  \^ c  1  ov i t i c s  w c re  obt ii i ned  at  ten  or  i 
points  in  the  vertical  and  were  plotted  on  cross-section  papiM". 
df'])tiis  us  onliiuite?^  am)  velocitie>^  iis  ul>scissa\  A  curv^e  was  di 
tlirougli  the  |>oint^  so  determined  and  dividt^d  into  ten  parts, 
center  velocities  of  each  part,  taken  from  the  curve,  added 
divided  f\v  10  pive  tlie  tneao  vel(>fity  in  that  section. 

When  the  holes  were  cut  the  water  ro.se  nearly  Bnsh  wit!i 
surface  of  the  ice,  showing  thnt  it  wan  flowing  under  pressure 
study  of  the  t  a  hies  and  cui'ves  showed  that  tlie  flow  uf  waii^r  u 
such  conditions  was  ^l^niewhat  ^innlar  to  its  flow  in  pipe^^  an 
closed  flumes.  The  mean  velocity  occurred  at  two  iK»ints  in 
vertical,  the  average  nf  101  curves  (si>e  talde  IjcIow)  Ix^in^  at 
depth  and  0.71  depth:  the  mHxiniuin  velocity  occiinvd  at  O.Htl  dc 
The  curves  dragged  more  for  shallow  depths  and  became  more 
cave,  and  consequently  the  error  of  f observation  increased  if 
jiieter  was  not  held  at  the  proper  point  in  a  vertical. 


NEWELL.)  BECORDS   OF   FLOW    UNDER   ICE.  145 

Position  of  mean  and  maximum  velocities  in  a  vertical  plane  under  ice. 


! 

Depth  from  under  j  vnr«iw»i. 


Depth  of  mean  Telocity. 


Depth  of       ^^^ffl^ient 

veloi-ity.    I    ^^i.^lf" 
''  to  moan. 


WALLKILL  RIVER,  NEWPALTZ,  N.  Y. 


'U      t )  12 
'M  19 


26 


0.12 
.13 


0.71 
.74 


0.38 
.38 


O.a") 

.80 


ESOPUS  CREEK,  KINGSTON,  N.  Y. 


1 

«2.3to7.4 

16 

0.08 

0.68 

0.36 

0.80 

^5           8 

8 

.11 

.73 

.37 

.85 

RONDOUT  CREEK,  R08ENDALE,  N.  Y. 


CONNECTICUT  RIVER,  ORPORD,  N.  H. 


'^2.5  to  7.7 


18 


0.11 


0.69 


0.35     I 

I 


0.82    i 
.86    I 


0. 85 


MEAN. 


0.11 


0.71 


0.36 


I 
0.^<4   I 


a  By  F.  H  Tillinghast.  ^  By  W.  W.  Sohlwht. 


«•  By  C.  A.  Holden. 


ICE-RATINO    COEFFICIENTS. 

Results  of  the  discharge  nieasurenients,  given  in  the  first  table,  have 
been  platted  on  the  sheet  which  contains  the  rating  curve  for  open- 
channel  conditions,  using  first  the  gage  height  to  the  surface  of  the 
water  and  second  the  gage  height  to  the  bottom  of  the  ice.  The 
results  when  platted  with  gage  heights  to  the  surface  of  the  water 
have  been  more  consistent  among  theniM^lves  and  liave  located  a  curve 
approxhnately  parallel  to  the  curve  for  open-channel  conditions, 
and  lying  always  to  the  left  of  it.  The  results  when  platted  with  the 
gage  height  at  the  bottom  of  the  ice  have  not  been  consistent  among 
themselves  and  the  curve,  which  is  not  so  well  defined  as  in  the  first 
casc\  crosses  the  rating  curve  for  oi)en-channel  conditions,  falling  to 
the  right  of  it  in  the  lower  part  and  to  the  left  of  it  in  the  upper  part. 
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Fi*oni  the  data  at  band,  tlierefare,  it  appears  to  be 
heights  to  the  surface  of  the  water  aa  it  rises  in  the  hole  cut 
lets  nuil  a  t^oiupnrisou  of  thr^  i^^-e-ratinjr  airvi*  bo  j>latted  wi 
ojieii-channd  rating  curvt*  is  given  in  tht^  following  table:       _ 

Rt^utian  Mwfjmi  dim^hmryitik  from  tqwn-mu!ti&n  and  iim^tHMting  c*(fjl 


* 

rmUnK 

from  open- 

tutiDir 
earn?. 

for  r«diic- 
IntfllpeitMC-' 

flllloledit. 

eftdeiit. 

;    w«ifl 

WALLTCILt  EIYER  AT  NBWPALTSt,  N.  Y. 

(4,0 

rio       i.2»o 

0,50 

0.0 

i,i!js   1     \,^m 

.58 

10.0 

1,540         2,m*(i 

.m 

11.0 

2,180 

:ijio 

.64 

L2,0 

2,  T(M> 

4»250 

.05 

la.  0 

3,  ;{mj 

:k  120 

.06 

0«6S 

O.id 

14.0 

JJ,  w«(* 

6,020 

.fW 

15*  «| 

4,eiO 

fJ,l#40 

.mi 

IO,U 

5,JJ40     '       7.8B0 

.06 

17.0 

5,M) 

^^BiJO 

.m 

!8.0 

fl,575 

10,00t) 

,60 

RONDO LTT  CREEK  AT  ROSENDALS,  N,  T. 

8.0 

688 

1,473 

0,47     ' 

8.r? 

1,040 

2,(H)0 

,52     ; 

!K0 

l,4l>J> 

2,530 

,56     1 

^       iK  55 

o,oe 

i 

1).5 

1,840 

a,  102 

,50     1 

lOJ) 

■J,2i>0 

3,700 

.62     , 

ESOPtJH  CREEK  AT  KINGSTON,  N.  Y. 

fl.Q 

H20 

527 

0.61 

7.0 

62,1 

905 

,60 

8.0 

1,010 

1,S73 

.74 

9,0 
10,0 

1,470 
1,080 

1,940 
2,642 

.75 
p75 

*      0.71 

0,10 

1 

ILO 

2,  520 

3,440 

.73 

12.0 

3,  075 

4,340 

,71 

la.o 

s,  m) 

5, 1305 

.0ft 

i 

I  4 
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Illation  between  dutcJiarges  from  oj)en'8ection  and  ice-rating  cMn;e«— Continued. 


Gage 
height. 

Discharge 
from  ice- 
rating 
curve. 

Disciiarge 
from  open- 
section 
rating 
curve. 

Coefficient 
for  reduc- 
ing oxien  sec- 
tion to  ice 
conditions. 

Mean  co- 
efficient. 

Greatest 
range  from 
mean  co- 
efficient. 

Weight 
given 
results. 

FI8HKILL  CREEK  AT  GLENHAM,  N.  Y. 

4.2 

140 

284 

0.49 

4.5 

210 

380 

.55 

4.8 

280 

521 

.54 

0.53 

0.04 

1 

5.0 

330 

615 

.54 

5.2 

400 

737 

.54 

CATSKILL  CREEK  AT  SOUTH  CAIRO,  N.  Y. 

4.72 

368     1          660             0.55 

i 

0.55             0.55 

1 

CONNECTICUT  RIVER  AT  ORFORD,  N.  H. 

4.0 

800 

1,740 

1 
0.46    1 

4.5 

1,100 

2.110 

.52 

5.0 

1,400 

2,520 

.56 

5.5 

1,700 

2,970 

.57 

6.0 

2,050 

8,470 

.59    1 

0.57 

0.11 

1 

6.5 

2,400 

4,010 

.60 

7.0 

2,750 

4,560 

.60    1 

7.5 

3,100 

5,110 

.61     1 

8.0 

3,500 

5,6(50 

.62    1 



_  _ 



J 

_        ..    

Total  mean  coefficient,  0.595,  or  alx)nt  0.0. 

In  the  table  al>ove  aro  gWon  the  values  of  the  coefficient,  which  nnist 
Im>  applied  to  the  ratin<T:  curve  for  open-channel  conditions  in  order 
to  £2:ive  an  estimate  of  dischar£>:e  under  ice  when  the  ga<i:e  is  read  to 
the  top  of  the  water.  It  will  he  noticed  that  the  coefficient  to  l)e  used 
varies  between  0.40  and  0.75,  with  a  mean  of  0.00.  Isolated  measure- 
ments have  l)een  made  with  thicker  ice  and  comparatively  small 
depths  which  g:\ve  co(»fficients  as  low  as  O.'^O.  If  ice  conditions  are 
not  known  in  detail,  therefore,  an  estimate  based  on  a  ccM^fficient  of 
0.()0  would  probably  bi»  most  nearly  correct.  It  seems  probable  that 
further  investigations  will  enable  us  to  determine  upon  a  sliding  coeffi- 
cient, varying  between  0.80  and  0.75,  the  value  of  which  for  each  case 
shall  be  determined  by  th(»  thickness  of  the  ice  or  by  the  ratio  of  the 
thickness  of  the  i(*e  to  the  depth  of  water,  and  from  which  we  can 
obtain  more  reliable  estimates. 
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*  It  i*^  iir^f^l  that  in  nuiking  umisniTna^nts  of  flow  iinclor  the" 
the  futurt'  tht*  record  Im*  iiihiIc*  hs  coinjilntP  its  pt^ssibliv  Thf  u*i 
wltKMty  met  hud  slioidd  \k*  iis^'d  iind  data  siccmiiuhitt^d  hi  r^^\ 
the  iijituri'  of  till*  itH?  at  thi*  ^H*tJt»ii  nnd  iilKiW  niid  bi^luw  it,  the 
hc*iglit  of  the  wut4T  m  it  j^ttintln  in  a  liak*  cut  in  thi^  iet^,  tln"  gnfr^  hi 
of  tht*  hufttmi  of  Mu'  irt\  I  hi*  Hiit'lciivfis  of  tht^  it\s  iituI  «iiy  rithi*r  iitl 
uiit  i'ondiliniLs  whrrh  iiiny  I'veii  n^inutciy  nltwi  iht^  diHrliJir^^^^  in  i 
thiit  in  further  ntiidy  of  thii^  subject  idl  possible  iiiforiimtiuii  nji 
lit  hiind, 

bo«>kki:ei*ino  fob  uk<^lamatiox  KKin^ic^ 
By  N.  K,  Werstki?,  Jil 

GENERAL  CONDITIONS. 

To  tfio  itirttt(*r  of  a  sysltmi  of  bookkeepin|3r  ff>r  the  hyif 
hnuirlu  Htmly  has  first  fMH*ri  jjiveii  to  the  |>rot*h*nis  prx^^cnted  an 
ruchinmlioH  finid  iHHnmsi^  of  the  iniusmO  etmditintis  wbh*h  iittmi 
it  nod  wliii^h  make  neeessMry  Mich  nii*thods  as  will  eniihle  tht*  Siai 
tn  n^port  lit  ally  time  llie  iiiiioiiot  of  expend ttnres  and  Unl>iHtteg 
certain  linen.  It  has  als<>  lieen  tlionglit  tliat  any  plans  which 
succeed  witli  the  accounts  of  the  t^H*hiuuition  Service  conid  oas^il 
iohipted  to  tl)ost»  of  the  a]>pnjpriation  ftir  piging  streams^  eliminn 
snd)  features  as  would  he  iuaf>propriate  or  undesirahle. 

But  T^^liile  it  i^»enis  wis<^  t(j  hasi-  tlu-  art^ounts  uf  the  two  appro^! 
tions  as  similar  in  forms  and  rnrlhod  as  possible,  l>ecaus<»  thoy  ar 
largely  piv|>ared  and  haudlrd  by  the  ^anu^  persons,  it  seen  is  als<> 
they  should  Iw*  made  rraclily  distinguishable,  and  for  this  jHiri 
that  all  blank  forms  atfertin^^  the  arcounts  of  the  Reclanuitioii  S^ 
ice,  as  vonefiers,  clnirge  sh er^tn,  dt^blt  arul  t*ivdit  notices,  billss  of  hid 
etc*,  shoidd  l>e  issued  on  paper  of  a  ilistJnetiv<*  color.    - 

In  the  rej)oi^t  of  the  ronunittiH*  on  tnists  and  insults"  such  re  fen 
has  btH^n  made  to  tlie  bookkeepiuif  of  the  S*Tviee  as  was  iiecessar 
make  clear  the  opcnitioiis  rcijniretl  of  the  eu*jinei*rs  in  the  fiokL  ' 
local  accounts  and  tho^*  in  tlic  Wa^hiniTliMi  oflii'c  ^honld  be  <lcsi^ 
upon  the  same  j^cm^ral  jilans,  (he  ftunncr  showing  in  greater  ch^ail 
what  features  of  the  various  proji^rts  tin*  expenditures  have  \: 
made,  and  the  latter  gjvin|j;  a  coiTiprcliensive  exhi!>it  t»f  the  rcsonr 
expenditures,  ajnl  liabihlics  of  the  entire  Service.  In  atteui])tin^ 
latt*'r  especial  attention  should  \w  given  to  the  lan^nagt*  of  the  i\h 
mat  ion  act,  that  the  accounting  nuiy  follow  the  lines  tbert*in  1 
down.     The  law  states  that  the  fund  is  deriveil,  lirst.  from  the  nade^ 
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public  lands,  etc.,  and,  second,  from  the  return  of  construction 
charges;  that  it  is  to  be  distributed  so  as  to  expend  the  major  portion 
in  the  State  where  it  arose;  and  that  it  is  to  be  applied  in  "  examina- 
tion, survey,  preparation  of  maps  and  plans  (designing),  limiting 
area  of  entry  (subdividing),  acquisition  of  rights  and  property,  con- 
struction, maintenance  and  operation  of  irrigaticm  works,"  and  in 
other  ex|XMiditures  provided  for  (executive).  There  are,  besides,  the 
departmental  and  bureau  regulations  relative  to  accounts,  which  must 
l)e  observed. 

BOOKKEEPING  IN  WASHINGTON. 
STATE   RErORI). 

As  section  0  of  the  reclamation  act  declares  it  "  to  be  the  duty  of  the 
Secretary  of  the  Interior,  in  carrying  out  the  provisions  of  this  act, 
so  far  as  the  same  nuiy  be  practicable  and  subject  to  the  existence  of 
feasible  irrigation  projects,  to  expend  the  major  portion  of  the  funds 
arising  from  the  sale  of  public  lands  within  each  State  and  Terri- 
tory hereinlH»fore  named  within  the  limits  of  such  State  or  Territory: 
Pvorhlid^  etc.,"  it  is  necessary  to  keep  a  record  of  the  reclamation 
fund  by  States  and  Territories. 

In  this  will  l)e  entered  teiiiporarily  the  approximate  amounts  aris- 
ing from  the  sale  of  lands  and  the  collection  of  construction  charges 
in  the  re<*lamation  States  as  reported  annually,  following  the  close  of 
each  fiscal  year,  by  the  Commissioner  of  the  General  Land  Office, 
subject  to  such  correcticm  as  may  he,  necessary  when  the  public-land 
accounts  have  been  audited  by  the  accounting  officers  of  the  Treasury 
Department  and  reported  on  by  them.  Of  these  amounts  51  per  cent 
is  H'stricted  to  each  State  as  the  "'  major  portion  ''  of  such  fund. 

As  cliarges  against  such  credits  will  l)e  entered  the  estimated  cotits 
of  the  distinct  i)rojects  whicli  have  b(H'n  determined  upon  and  author- 
ized l)y  tlie  Secretary  of  the  Interior,  the  amount  being  sui)ject  to  revi- 
sion upon  completion  of  the  project,  so  as  to  ecjual  the  actual  costs. 

ri?()JE(T    KE('ORI). 

As  section  4  states  that  *'  the  charges  which  shall  be  made  per  acre 
ui)on  tlie  said  entries,  and  upon  hinds  in  j)rivate  ownership  which 
nu\y  be  irrigated  l)v  waters  of  the  said  irrigation  project,  *  '*  * 
shall  be  determined  with  a  view  of  returning  to  the  reclamation  fund 
the  estimated  cost  of  construction  of  the  project,''  and  as  section  5 
states  that  ''  the  entryman  upon  lands  to  be  irrigated  by  such  works 
*  *  *  shall  pay  to  the  Government  the  charges  apportioned 
against  such  tract  as  j)rovided  in  section  4,'"  a  record  of  the  charges 
against  each  project  is  re(iuired. 
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For  this  there  should  be  a  project  ledger  in  which  shall  be  segre- 
gated all  the  credits  and  charges  to  and  against  individual  project^ 
and  all  charges  against  reconnaissance  in  States  where  no  project  has 
yet  been  developed,  the  several  accounts  under  one  State  being 
grouped  together  and  the  States  arranged  alphabetically.  The 
accounts  for  the  various  projects  within  a  State  should  be  entered. 
not  alphabetically,  but  in  the  order  of  their  adoption  as  definite 
projects,  and  for  convenience  in  cross  referencff  shoidd  be  given  annm- 
l)er  indicating  the  order  in  which  they  have  been  taken  up;  The 
Washington  office  should  be  treated  as  a  State,  and  its  cost  finally 
distributed  over  the  entire  Service. 

On  the  title-page  of  each  project  account  should  appear  the  name 
of  the  State  under  which  the  account  is  being  carried,  the  name  of  the 
project,  its  number  and  the  date  of  its  adoption,  its  location  and 
extent,  the  estimated  acreage  to  be  reclaimed,  and  if  the  work  under- 
taken or  the  lands  to  be  reclaimed  lie  in  two  or  more  States  the  naaie 
of  each  of  such  States,  with  its  estimated  proportion  of  expense  and 
l)enefit,  should  be  given.  The  contracts  let  for  construction,  etc.,  may 
here  be  recorded,  thus  showing  in  a  concise  form  what  are  to  be  the 
larger  items  of  expenditure  on  the  project. 

As  credits  to  the  several  projects  will  be  entered  the  authorizatioo 
of  the  Secretary  of  the  Interior  for  the  construction  of  the  works  at 
the  estimated  costs,  and  subsequently  any  amounts  arising  from  the 
charging  to  other  projects  of  equipment,  material,  or  supplies  trans- 
ferred, or  of  the  ex|x^nse  of  Washington  office  administration  previ- 
ously prorated  against  tlie  then  existing  projects.  All  credits  which 
do  not  increase  the  total  amount  available,  hut  decrease  the  expense 
incurred,  should  lx»  entered  in  red  ink  and  deducted  from  debit  totals, 
which  will  then  show  the  actual  cost  of  the  project. 

As  charges  against  the  several  i)rojects  will  appear  the  expendi- 
tures thereon  for  which  vouchers  have  been  approved,  the  ledger 
showing  the  nunilx»r  of  the  charge  sheet  for  the  voucher  and  the 
amount  thereof. 

Following  the  sheets  on  wiiich  are  entered  the  charges  against  the 
j)roje(*t  should  be  others  with  the  titles  of  the  secondary  charges  of 
the  charge  sheet — c»xamination,  survey,  design,  subdivision,  rights  and 
im)perty,  construction,  maintenance,  operation,  and  executive;  and 
thesis  auxiliary  sheets  should  have  nine  vertical  subdivisions  in  which 
to  enter  the  tertiary  charges  of  the  distribution  of  the  expense  under 
the  headings  services,  traveling,  subsistence,  equipment,  materials, 
su[)plies,  rent  and  storage,  forage,  and  construction  contracts,  each 
subdivision  having  two  columns  for  charge-sheet  number  and  amount 

All  the  cohunns  of  this  j)roject  ledger  should  be  totaled  separately 
in  order  that  any  necessarv  corrections  of  the  vouchers  or  the  distribu- 
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lion  thereof,  made  after  entry  in  this  ledger,  may  l)e  corrected  on  the 
original  entry  without  changing  every  subsequent  footing. 

VOUCHER  RECORD. 

There  should  be  a  voucher  record  in  which  the  approved  vouchers 
should  be  entered  each  day  under  the  proper  headings,  date,  charge 
sheet,  and  voucher  numbers,  in  whose  favor  drawn,  amount,  to  ^vhat 
project  chargeable,  and  how  payment  was  made — as  by  whom,  date, 
and  check  number.  Every  voucher  should  be  accompanied  by  an 
appropriate  charge  sheet.  Vouchers  paid  by  local  disbursing  officers 
will  be  received  in  Washington  with  their  accounts  therefor,  and  the 
only  entries  necessary  under  payment  will  be  name  of  disbursing  offi- 
cer and  date  of  payment.  Vouchers  to  Ix;  paid  by  the  disbursing 
officer  in  Washington  will  be  indicated  as  sent  to  him.  \M)uchers  to 
be  paid  by  warrant  from  the  Treasury  Department  will  be  noted 
"  Treas."  * 

CHARGE  SHEETS. 

A  separate  charge  sheet  should  Ik?  prepared  for  and  accompany 
each  voucher  to  the  Washington  office.  If  a  voucher  is  received  with- 
out a  charge  sheet,  the  clerk  examining  the  voucher  should  prepare  a 
•'dummy," inserting  all  the  information  obtainable  from  the  voucher, 
and  write  the  engineer  to  forward  a  proper  charge  sheet,  which  may 
be  substituted  when  received.  It  should  show  the  number  and  date 
of  the  voucher,  in  whose  favor  drawn,  amount,  and  by  whom  payable, 
and  be  signed  by  the  officer  approving  the  account. 

^Vlien  these  sheets  are  received  in  the  Washington  office  the  clerk 
examining  the  voucher  should,  before  passing  it,  give  both  voucher 
and  its  charge  sheet  a  serial  office  number,  with  a  numbering  stamp 
set  to  "  duplicate,'"  this  number  to  be  the  one  uuder  which  the  voucher 
is  to  be  entered  in  the  vouch(*r  record  before  (lescrii)ed,  and  to  be  used 
in  the  ledger  postings  referred  to  under  the  project  ledger.  When 
the  postings  from  the  charge  sheet  have  l>een  made,  tlu*  clerk  making 
them  should  initial  it,  thus  indicating  what  work  has  been  done  on  it. 

The  postings  to  the  project  ledger,  both  to  the  general  project 
account  and  to  the  distribution  sheets  therewith,  are  to  be  made  from 
the  charge  sheets,  which  should  then  be  bound  in  books  of  probably 
500  sheets,  each  arranged  in  the  order  of  the  numbers  thereof,  the 
b(x>k  to  be  so  labeled  as  to  show  the  numbers  of  the  charge  she(»ts  con- 
tained in  it  and  the  dates  when  the  first  and  last  vouchers  covered  by 
them  were  entered  in  the  voucher  record. 

DEBIT  NOTICE. 

Whenever  a  debit  upon  a  paid  voucher  arises  against  a  definite 
project  from  without  the  office  of  the  resident  engineer,  or  against 
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the  reconnaissance  account  of  a  State  from  without  the  office  of  the 
engineer  in  eliarge,  debit  sheets  shouhl  be  prepared  in  the  Washington 
office,  showing  the  amount  of  such  charge,  how  it  arose,  to  whom  pay- 
able, and  the  distribution  as  far  as  possible,  and  one  each  be  sent  the 
engineers  whose  accounts  are  affected  and  one  retained  in  the  Wash- 
ington office  and  filed  with  the  charge  sheet  covering  the  voucher  to 
which  it  j)ertains. 

CREDIT   NOTICE. 

Whenever  a  credit  arises  to  a  definite  project  from  without  the 
office  of  the  resident  engineer,  or  to  the  reconnaissance  account  of  a 
State  from  without  the  office  of  the  engineer  in  charge,  credit  sheets 
should  l)e  prepared  in  the  Washington  office,  showing  the  amount  of 
such  charge,  how  it  arose,  from  whom  repayable,  and  the  distribu- 
tion originally  made  of  the  charge  when  vouchered,  and  one  each 
be  sent  to  the  engineers  whose  accounts  are  affected  and  one  retained 
in  the  Washington  office  and  filed  with  the  charge  sheet  covering  the 
voucher  to  which  it  pertains. 

TRANSI'T.R   SHEETS. 

^Mienever  charges  made  against  one  account  are  to  be  reentered 
against  other  accounts,  as  upon  the  shipment  from  one  project  to 
another  of  equipment,  materials,  or  supplies,  or  upon  the  prorating 
against  various  j)rojects  of  the  general  accounts  of  a  State  or  of  the 
Wasliington  oflice.  transfer  sheets  in  triplicate,  or  in  quintuplicate  if 
necessary,  sliould  be  prepared  in  the  office  where  the  new  debit  origi- 
nates, showing  the  amount  of  such  charge,  how  it  arose,  a  description 
of  the  subject-matter  of  the  transfer,  and  the  distribution  originally 
made  of  the  charge  when  voucheied,  and  one  each  be  sent  to  all  the 
offices  affected  and  one  to  the  Washingtcm  office. 

In  tlie  Washington  office  such  a  transfer  sheet  should  l)e  given  the 
same  serial  number  as  that  of  the  cliarge  slieet  it  follows  in  the  file, 
and  the  postings  should  show  this  number  ])receded  by  the  letter  "  T." 

J()lKNAL-DAYU(HHv. 

It  is  believed  that  the  charge  sheets,  debit  notices,  credit  notices,  and 
transfer  sheets  when  assembled  and  bound  together  will  constitute  a 
complete  journal-daybook  and  be  the  book  of  original  entry. 

BOOKKEEPING  AT  PROJECT  OFFICES. 

On  June  7, 1004,  a  circnhir  letter  was  s(»nt  to  all  (Migineers  regarding 
methods  of  bookkee|)ing.  This  letter  contem])lated  bookkeeping 
based  on  the  charge  sheet  then  in  use  (Form  9-272)  and  provided  that 
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:•  eadi  s<»coiKlary  charge  slionld  be  given  a  page  of  the  ledger.  It 
>  showed  liow  any  ordinary  ruled  blank  book  could  be  adapted  to  this 
use  by  ruling  additional  columns.  The  tertiary  chargers  for  which  col- 
umns were  thus  provided  were  "  services,  traveling,  subsistence,  equip- 
ment, office,  supplies,  storage,''  and  there  w-as  a  column  for  totals  and 
two  blank  columns.  It  was  intended  that  a  portion  of  the  ledger 
should  l)e  set  aside  for  each  of  the  secondary  charges. 

Under  the  new  charge  sh(K*t  (Form  9-501)  there  are  two  more  ter- 
tiary charges  than  under  the  former  one,  but  two  of  these,  "  mate- 
rials "  and  ''  construction  contracts,''  apply  to  the  secondary  charge  of 
construction  only,  so  that  a  ledger  which  would  carry  the  former  dis- 
tribution can  Im?  readily  adapted  to  the  new  one,  placing  the  charges 
to  "  office  "  against  ''  services,  eiiuipment,  or  supplies,"  according  to 
the  nature  of  the  expense,  and  using  that  column  for  ''  forage." 

If  the  bf)oks  as  already  ruled  provide  for  nine  columns,  that  wmII 
take  all  the  tertiary  charges  now  usi»d.  If  only  seven  were  provided, 
smother  blank  page,  following  the  one  provided  for  the  secondary 
charges  of  construction  should  be  used  for  the  tertiary  charges  of 
"  materials  and  construction." 

The  secondary  charges  of  "  topography,  testing,  and  design  "  nnder 
the  former  analysis  are  now  united  in  the  one  charge  of  "  survey," 
and  the  totals  of  the  three  accounts  should  be  taken  as  the  initial 
balance  when  beginning  w-ith  the  new  distribution. 

For  "  maintenance  and  operation  "  no  accounts  need  l>e  opened 
until  some  portion  of  a  project  is  completed  and  being  operate<l. 

Attention  is  called  to  the  instructions  for  keeping  accounts  of  stores 
(Form  0-508)  which  will  require  that  all  vouchei-s  for  stores  be 
charged  first  to  an  a])propriate  account  of  the  stores  ledger,  as 
•'  equipment,"  ''  materials — cement,"  ''  suj)plies — fuel,''  "'  supplies — 
lumber/"  ''  subsistence — heat,"  etc..  and  then  charged  to  the  proper 
secondary  charge  as  issued.  The  balaiic(»  of  these  stores  accounts  at 
any  date  will  re])resent  the  stocks  on  hand  and  nuist  be  taken,  together 
with  the  totals  of  the  several  secondary  charges,  to  equal  the  total  of 
the  vouchers  approved  for  |)aynient. 

As  stores  are  ])ur('hase(l  it  will  be  necessary  to  prej)are  a  charge 
sheet  covering  the  v()uch(»r,  in  which  the  whole  amount  of  the  voucher 
will  be  placed  against  one  or  more  of  the  secondary  charges.  At  the 
project,  however,  a  more  accurate  record  can  be  made  by  placing  the 
charge  for  such  vouchers  to  accounts  in  the  stores  ledger  and  making 
the  debit  to  the  proper  secondary  charge  only  as  issued. 

This  wmII  admit  also  of  subdividing  a  project  into  its  principal 
features,  and  keeping,  at  the  project,  an  account  with  each,  as  in 
Washington  an  account  is  kept  with  each  project. 


usual  firm  or  coinpiiny  niirnc,  folhAvt^d  by  tlu^  autograph  Kignat^^^ 
with  Ijis  1itlt%  tif  the  piirlner  or  oUiror  initliuriztHl  ti»  tviviv**  lli" 
luojiey, 

TIm*  voiidun-!^  shtJirlcl  inmr  Mm  rortifinit**  of  (he  oii^nei'r  iiicurnuir 
ih*^  (\K(K*iiso  Uuit  i]\v  iU'voHiii  in  t'lirivt't  nml  just;  that  tlu*  artifli^^ 
speciHed  liave*  l>4*4*ti  ih^cjcmvihI  by  him,  or  thv  sorvit^es  stated  havi*  lKM*n 
pn'fornirHt :  that  tht\v  wen*  nec<^sHary  for  and  \m\e  Ijeeii  or  v\'ill  W 
applii'd  lo  Ihc  pnrpoM^s  conlt'niplalo^i  hy  tho  rochiiiiation  act;  and,  iii 
the  cfl**e  of  othor  than  {wi'sonnl  services  or  roiinbiirseineiit.s  for  ^t* 
poiis(*s,  that  to  the  lM\st  of  his  kiiowltnlgc*  nnd  Mwt  the*  prict*s  rharginl 
art^  iT'asonahb  and  just,  and  tloit  ilwy  \vi*n*  suppliml  in  such  and  sach 
a  wa}^,  witli  n^feiH^nce  to  methods  of  contract  and  of  securing  com- 
p**titiii|i^  This  hist  must  show  whether  the  purchas**  wa^^  uiidt^r  mm- 
1  nioi  i«ii '  m  1  d e ]^  im  i  n  f  1 1 rn i a  1  a gree ni e n  t .  with  i  m ni cd  i a t<*  deli y<^vy  or 
perfiinoanc'e.  It  nnist  aiao  show  whether  the  purchase*  was  u»ai! 
eoni|ieiitive  proposals  in  accoitlance  with  and  after  atlvertiHing  iti 
s(.»  nuMiy  newspapers,  or  Uy  eireidar  hotter  sent  Ui  so  many  deajpr* 
and  fiiiHted  in  sf>  many  phices;  or  upon  noneomi>etitiTe  quotfttioiif^ 
without  arlvertising,  under  an  exi*{ency  of  the  si*rvice  existing  [>rior 
to  the  order,  which  wouhl  not  admit  of  delay  incid€*nt  to  advtTtisiug, 
or  by  n^asou  of  impracticability  to  secure  competition  because  of  eer- 
taiti  hi[>< 'rifled  t*aus(*H, 

\'oiirlii*i?s  foi-  ivimbursement  for  traveling  expenses  should  contain 
a  fH*rti fit-ate  showing  that  the  travel  was  made  upon  competent  orders. 
They  should  also  be  supported  by  subvouchers,  as  provided  in  Reg- 
ulations of  the  United  States  Geological  Survey,  1903,  section  45, 
paragraph  3  (1),  as  amended  January  18,  1905. 

Vouchers  for  payment  in  pursuance  of  contract  for  construction 
should  shoAv  in  detail  the  estimates  of  all  work  done  or  material 
delivered  to  the  date  of  the  voucher.  The  items  should  be  listed  in 
the  order  and  under  the  designations  given  in  the  contract.  A  sum- 
mation of  these  items  will  show  the  value  of  the  work  done  or  material 
delivered  to  date,  from  which  there  should  be  deducted  the  percentage 
whicli  the  contract  provides  as  a  holdback  and  the  amount  of  previous 
payments. 

If  extra  work  is  fb  be  paid  for,  that  portion  of  the  voucher  should 
be  prepared  in  the  following  form : 

EXTRA    WORK. 

Labor  and  materials,  as  per  attached  itemized  statement : 

AitiiJiI  cost  of  lal)or  and  materials, ,  $ ;  per  cent  added,  as 

per  i)aragraph of  contract, ,  $ . 
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To  the  voucher  should  be  attached : 

1.  Itemized  statement  of  lalK)r  and  materials,  with  engineer's  cer- 
tificate as  follows : 

I  hereby  certify  that  the  above  statement  of  cost  of  labor  and  materials  is 
correct,  and  that  the  said  extra  worii  was  iH»rformeii  in  accordance  with  my 

instructions,  dated  ,  190 — ,  and  that  the  same  has  been  satisfactorily 

l)erformed. 

2,  Copy  of  letter  to  contractor  authorizing  the  extra  work. 
Accounts  for  amounts  due  contractors  for  construction  should  bear 

the  certificate  of  the  engineer  hnmediately  in  charge  of  the  work  done 
that— 

I  have  Inspected  for  the  Reclamation  Service  the  worii  and  materials 
described  in  the  foregoing,  and  find  that  the  same  are  in  conformity  with  the 
contract  and  sjiecificiitions  and  are  of  the  value  stated.  I  further  certify  that 
the  stipulations  thereof  have  been  cf)niplie<i  with  up  to  the  present  time. 

Also,  the  following  certificate  of  the  supervising  or  district  engi- 
neer in  executive  charge  of  the  project: 

I  certify  on  honor  that  the  foregoing  account  is  correct  and  just;  that  the 

work  and  materials  have  l)een  carefully  inspected  by ,  who  signed 

the  i)receding  certificate;  that  the  stipulations  of  the  contnict  and  s[)ecifications 
have  been  complied  with,  as  is  stated  in  the  foregoing  certificate:  and  that  there 
is  now  due  uiwn  this  claim  the  sum  of  | ,  no  part  of  which  has  been  paid. 

When  proj^erly  prepared,  all  vouchers  should  be  forwarded  through 
superior  engineers  for  payment. 

PAYMENT. 

Tliis  will  l)e  effected  in  one  of  three  ways:  First,  by  a  local  dis- 
bursing officer  located  at  the  project  or  in  the  office  of  the  supervis- 
ing engineer;  second,  by  the  chief  disbursing  clerk  of  the  (Geological 
Survey  at  Washington;  or,  third,  as  in  the  case  of  vouchers  for 
amounts  found  due  for  freight,  etc.,  by  a  warrant  drawn  by  the 
Secretary  of  the  Treasury  on  the  certificate  of  the  Auditor  for  the 
Interior  I)ej)artment. 

In  the  fii^st  case  the  local  disbursing  officer  retains  one  voucjier  as 
evidence  of  payment  and  forwards  the  other  to  the  chief  engineer. 
either  with  his  abstract  at  the  end  of  the  (juarter  or  with  a  reijnest 
for  a  renewal  of  his  credit  to  the  amount  of  such  vouchers  should  his 
balance  become  so  low  as  to  necessitate  such  action. 

In  the  second  and  third  cas(»s,  where  tin*  account  is  to  be  j)aid 
from  Washington,  both  vouchers  after  being  a])|)rove(l  by  the  super- 
vising engineer  are  forwarded  to  the  chief  engineer.  In  the  Wash- 
ington office  all  vouchers  are  carefully  examined  for  mistakes  and 
infonnalities,  and  if  found  correct  are  certified  by  the  chief  engineer 
and  approved  by  the  Director,  and  go  to  the  chief  disbursing  clerk 
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of  th«  (fwlugical  Survey.  All  vciut^heiti  which  have  not  iilani' 
IxxMi  paid  by  IcK'nl  dishnrsing  officei'H  hit  piud  fiimi  tht*  Uixxe\ 
ofiiec?*  e*X('**]>t  those*  for  iiiuoinits  dtiL>  for  frc*i|jht  and  i*xproKs  on  (tor 
cru!Tu*nt  l)ills  of  hiding;  for  }>assftigi*r  fiUTii  on  Gtneriifiienr  \mt\^ 
(Kirtiition  reqiK'i^ts  aver  iHrnd-aidcd  niilrtmd  Hues;  far  cartage  i 
Wji?.hirj^loii  orj  i'c^ntrnd  witli  d**pot  iniarltM-nitisti'r*  Uniti'jd  8Uti 
Army,  and  for  amounts  due  for  |>urcliaseti  or  construction  s«*  largt^  i 
to  make  it  hindvis*d)k'  to  m  gn*at!y  exhftu^!t  hh  credit  h>iliincc,  li 
retains  one  of  the  chi plicate  vouchers  as  evidence  of  payment- 

All  three  classes  of  voudiers  are  then  s<^^ut  to  the  chief  di^i^bur^jii 
uffieer  of  thc^  Department  of  the  Interior,  whence  all  |^*>  u*  the  offu 
of  the  Auditor  for  the  Tnt(*rior  Departntent,     This  ik  a  luircnn  of  tl; 
Treasury    l)e|mrtnit'nt,  and  here  all   tlie  accounts  arc   auiliied  am 
allowed,  suspended,  or  disallowed.     The  accounts  not  prt?viou>^]v  paid* 
as  ft>r  freight,  etc.,  are  examined,  and  if  a  improved  an^  cmiifuHj  to  thil 
Secretary  of  the  Treasury,  who  draws  warrants  in  payment  thervftif" 
uj>ou  the  Treamat^r  of  tlie  United  8tiiteB.     For  each  diHlinr^'nieat 
from  the  reclairuition  fund  or  other  ap(>ro|>riation  a  vondier 
Ix^  submitted  to  the  Auditor  for  his  permanent  reconh     When  fiiTe 
sary^  sueh  vouchers  may  Ix^  consulted  upon  proper  applicntiom 
may  also  those  in  the  jiossession  of  the  several  diahursing  offict*r^. 

aimpENI^IOKS  ANIJ  D18ALU>WANCE8< 

Exception  to  the  propriety  of  any  account  may  be  noted  by  any 

of  the  varions  tjfticei's  wlio  pass  upirn  it.  hut  any  such  ohj action  will 
fall  in  one  of  two  general  classes — those  made  by  administrative  offi- 
cers and  those  made  by  auditing  officers. 

Should  any  certifying  or  approving  officer  ol^ject  to  the  subject- 
matter  or  amount  of  any  voucher  whiclwis  submitted  to  him,  he  will 
call  upon  tlie  payee  or  certifying  officer  for  explanation,  suspending 
the  entire  account  or  that  portion  covering  the  items  questioned. 
If  the  account  is  not  satisfactorily  explained,  the  objectionable 
items  must  be  withdrawn,  and  any  payments  made  thereon  must  be 
refunded  to  the  disbursing  officer. 

Should  the  Auditor  in  his  examination  of  the  accounts  of  any  dis- 
bursing officer  take  exception  to  any  of  the  payments  for  which  credit 
is  claimed,  such  objections  will  be  made  in  one  of  two  ways.  The  first 
method  is  by  a  suspension  of  the  items  questioned,  when  the  disburs- 
ing officer  is  called  upon  for  an  explanation  of  these  items.  In  order 
to  reply  to  such  a  notice  of  suspension  the  disbursing  officer  will 
usually  have  to  call  upon  the  engineer  approving  tlie  account  for  the 
necessary  information.  Such  explanations  should  be  made  promptly, 
and  in  any  event  within  six  months  from  the  date  of  suspension,  for 
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if  no  explanation  of  the  suspended  items  is  made  within  that  period 
they  are  subject  to  disallowance.  The  second  method  of  noting 
exceptions  to  an  account  is  by  a  disallowance  of  the  items  ques- 
tioned, and  for  this  an  explanation  to  the  Auditor  is  not  sufficient. 
To  secure  a  revision  of  such  disallowance  request  should  be  made 
to  the  Comptroller  of  the  Treasury,  and  within  one  year  from  the  date 
of  the  Auditor's  settlement.  The  Comptroller's  decision  is  final  upon 
executive  branches  of  the  (lovernment,  but  an  apj^eal  therefrom  on 
behalf  of  the  claimant  will  lie  to  the  Court  of  Claims. 

TIME  REQUIRED  FOR  AUDITING. 

From  the  foregoing  it  is  evident  that  a  period  of  several  months 
must  elapse  after  the  approval  of  account  lK»fore  final  action  will  have 
been  taken  thereon..  This  period  will  vary  greatly  in  difi'erent  cas<»s, 
and  no  certain  date  can  l)e  fixed  in  advance  when  an  account  will  be 
closed.  When  a  voucher  is  complete  and  apparently  correct,  there 
will  be  but  little  time  required  in  the  offices  of  the  project,  supervising, 
or  chief  engineers.  It  may  remain  in  the.  disbursing  offices  after  pay- 
ment from  a  day  to  three  months,  but  should  be  received  in  that  office 
by  the  20th  of  the  month  following  the  end  of  the  quarter,  and  must 
in  any  case  reach  the  office  of  the  Auditor  by  the  20th  of  the  last 
month  of  the  succeeding  quarter.  It  will  he  from  three  to  fifteen 
months  in  this  office  before  a  report  may  be  exix»cted  from  the  Audi- 
tor, and  in  the  case  of  suspensions  or  disallowances  thereafter  no 
period  of  time  can  be  stated. 

RKQIKSTS    FOR    Rl'LIN(JS. 

In  order,  therefore,  to  avoid  delay  in  settlement  of  accounts,  and 
their  subsequent  disallowance  u])on  revision,  it  is  important  to  see  to 
it  in  advance  that  all  vouchers  are  f(^r  proper  and  authorized  expendi- 
tures. ^Vlienever  there  is  doubt,  an  opinion  can  always  be  obtained, 
either  in  advance  by  the  engineer  upon  application  through  his 
superiors  and  the  chief  engineer  to  the  Secretary  of  the  Interior  or  by 
the  disbursing  officer  upon  the  presentation  to  him  of  the  account  for 
payment,  by  application  through  the  ])roper  channels  directly  to  the 
Comptroller.  So  far  as  possible  the  former  course  should  be  fol- 
lowed in  order  to  avoid  the  incurring  of  unauthorized  or  improper 
expense,  but  when  this  is  ini])ractical)le  the  disbursing  officer,  when 
called  upon  for  payment  of  an  account  containing  charges  for  unprec- 
edented or  questionable  items,  sliould  always  submit  the  account  to 
the  Comptroller  for  an  opinion  as  to  its  propriety  under  existing  law. 


REPORTS  OF  OOMMITTKKS   OF  THE  CONFER) 


Tlio  fi^lhiwin^'  nrv  iW  ivport?^  of  i\w  varinuw  cmntiutttH'iHi*  pracli 
Bn  wi\iU*rvi\  hy  flu*  cuiuuiittiH^M,  Uk*  nicMliHrntifnis,  if  any,  l^'hig 
HUcU  **!i  tu  (^iutl)lc  the  rhief  en^iiuH^r  U*  upprove  the  rejxjrLs  aii  a  w 


COMMrrTKK  ON  CEJ^NT  ANH  COXCRETK. 

HRgmURMKNTl^   AT   TIlK    BAl.T   RIVKfl    I'EOJEfTtJ, 


IM 


'1  '1  i(*  vv-m 01 1 1  spe<' i H crt inm^  p rc j >ii red  by  t he  ttnii in i t t<*e  n t  1 1 
ill  Los  Angeles  Dewmlx^r  2f^  UK):^,  have  lxH*ri  followed  hy  the  Dq 
ineiit  in  pdrchasiiig  eemeni  for  the  s^nenil  pmjerts  in  Nevfttla.  In 
riiul  Arizotm,  mn]  the  parliridiirs  umy  br  found  iu  the  prt>pt>sal:s 
coiitnictji'  fur  cement  ut^^d  in  the  nmHtnictionH  under  way  in  i 
Stiites.  J 

I n  1 1  le  s 1 1  in n j e r  a  1 1  d  f h  1 1  <  >  f  1 1 10 4  t  he  Ser v  i  <  v  est  h  1 1 1 1  si r*i1  1  a  1  mtm 
for  t toting  cement  at  rkTkeley,  Cal.,  Denver,  Colo*,  Konsi*vt'lf,  A 
and  Wa^iiington,  IX  0.  Mr,  F.  W.  IIuImt  IniH  had  charge  of 
Berkeley  laboratory  and  has  tested  the  winent  n?ic^d  on  the  -Triic 
Carson  project,  Mr,  if,  Y,  »Iewett  has  conducted  the  Denver  lali 
tory  and  has  pas>**d  on  the  cement  shipped  from  Porthurd,  Cok 
Arizona  and  frcmi  Salt  Lake  to  the  Minid(jka  project*  The  R< 
vidl  hih^iratorv  has  been  under  the  direct  ion  of  Mr.  E*  Dnryee,  assi 
by  Mr,  It,  A.  l\jl>li»nian,  ch<^mist.  This  lal><>ratory  is  ecpnp^KHl 
general  analytical  work  and  in  addition  to  testing  cements  has  n 
many  analyses  for  various  survey  j>roirrts  and  trial  burns  of  cen 
materials.  Some  investigations  have  In^en  cruuhicted  in  all  the  I; 
ratories  (>n  natnnd  and  crushed  rock  santls  that  have  l)een  of  n 
interest  and  are  likely  to  lend  to  eeiuiondes  in  the  use  of  cements. 
Pnryee  is  prepared  to  make  investigations  in  several  lines  as  tn  in* 
of  reducing  the  cost  of  cement  for  the  various  ]>rojeets.  This  i 
womelimes  \k*  afcranplislunl  by  grinding  sand  ccnunit  at  the  site  of 
project,  or  by  requiring  s[K*<'iany  fine  grinding  of  the  Portland  oi 
making  the  eemeut  at  the  site*  The  chief  enginrn^r  called  upon 
Duryee  for  additional  details  as  to  nu^thods  folh^wrd  by  hiui  in  tes 
cemont  and  received  the  following  suggestions  supplementing 
^[KTi  Heat  ions  referred  to: 

In  preparing  the  speci  Heat  ions  and  conducting  tes^ts  of  cements 
aim  has  Iwen  to  ascertain,  tefore  shipnu^nt,  the  quality  of  the  cen 
otfennl  by  the  contractor-     The  i\»quirenients  of  ti»e  specification 
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;o  aging  for  a  period  of  two  months,  and  sampling  and  testing  at 
:he  cement  works  l^efore  shipment,  may  api>ear  to  l)e  rather  exact- 
ng,  but  in  the  long  run  these  provisions  work  to  the  advantage  of 
x>th  manufacturer  and  purchaser.  The  cement  manufacturers  gen- 
jralW  claim  that  they  plan  to  hold  all  cement  for  sixty  days  l)efore 
jhipment,  and  the  contractor  should  provide  sufficient  warehouse 
rapacity  to  ix^rmit  storage  of  the  sacked  cement  for  one  month,  dur- 
ng  the  i^eriod  of  sampling  and  testing. 

Samplhuj. — ^The  samples  are  kept  si^parate.  Every  fortieth  sack  is 
>pened  and  a  fair  sample,  weighing  about  2  pounds,  is  extracted  with 
IP  sanjpler.  On  retying  the  sack  a  tag,  numbered  and  dated  and 
laving  the  car  number  noted  thereon,  is  securely  attached  to  the 
>ack  by  means  of  wire  and  lead  seals,  fastened  with  a  car  sealer. 
The  sample  of  cement  is  put  into  a  paper  sack  numbi^red  to  corre- 
spond with  the  sample  tag. 

In  bulk,  in  a  bin,  cement  cures  very  slowly  and  may  vary  considera- 
bly in  qiFality.  On  this  account  it  is  better  to  have  the  cement  sacked 
jefore  sampling.  The  tester  can  then  sample  more  fairly,  the  cement 
ivill  cure  Ix^tter,  and  the  shipments  can  l)e  more  surely  identified 
svhen  the  sealer  is  used.  The  Service  sealer  has  the  initials  U.  S.  R. 
>n  the  die. 

Tests, — In  a  general  way  the  rules  for  testing  adopted  by  the  Amer- 
can  Society  of  Civil  Engineers  and  the  American  Society  for 
Testing  Materials,  which  can  Ix?  found  in  the  transactions  of  those 
societies,  are  followed.  It  is  advisable  for  the  tester  to  submit  his 
>pinions  of  the  cement  as  tested,  with  his  report,  the  judgment  to  l>e 
)as<Hl  on  the  results  of  liis  tests,  and  he  should  not  allow  any  cement 
:o  be  shipped  that  is  not  sound,  safe,  and  high-grade  Portland. 

Srrcenliuj, — A  screening  test  of  a  inixcd  average  sample  from  each 
•ar  is  inad(»  in  the  laboratory.  The*  cement  from  sonu*  factories 
varies  greatly  in  fineness  as  well  as  in  strength,  and  on  that  account 
it  is  well  when  time  permits  to  niaUe  screening  tests  on  individual 
-:amples  instead  of  on  a  mixed  sam[)le,  so  as  to  show  if  there  is  much 
variation. 

ConsfHfency, — A  j)reliminarv  and  aj)proximate  test  is  made  by 
nixing  a  small  quantity  of  cement  with  a  measured  portion  of  water; 
he  mortqr  is  then  worked  for  three  minutes,  molded  with  the  hands 
nto  a  ball,  and  drop|)ed  from  a  height  of  'JO  inches.  If  the  j)roper 
proportion  of  water  is  used,  the  ball  will  not  crack.  The  test  is 
•onfirmed  by  using  a  Vicat  needle  in  the  manner  described  in  manuals 
3n  cement  testing. 

Making  pats, — Three  onne(»s  of  cement  are  mixed  with  sufficient 
tvater  to  give  a  paste  of  normal  consistency.  The  cement  is  weighed 
3ut  the  water  is  usually  gaged  in  a  glass  gi-aduate,  the  quantity  used 
IBR  140—05  M 11 
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being  approximately  25  per  cent.  The  water  is  added  to  the  cement 
in  one  dose  and  the  mortar  is  then  worked  with  a  trowel  for  two 
minutes.  Standard  specifications  usually  mention  five  minutes,  but 
two  minutes  is  about  as  long  as  laboratory  practice  allows.  One  pat 
is  made  from  each  sample.  A^  soon  as  made  the  pat  is  put  in  a  moist 
atmosphere.  This  can  be  obtained- by  suspending  wet  crash  towels 
over  a  light  wooden  frame,  if  no  better  arrangement  can  be  made. 
As  often  as  necessary  the  pat  is  removed  and  tested  with  a  one-fourth 
pound  Gilmore  needle  for  the  initial  test.  After  standing  twenty- 
four  hours  these  same  pats  are  put  in  a  pan  and  water  of  the  tem- 
perature of  the  room  is  poured  over  them  and  gradually  raised  to  the 
boiling  point  and  kept  at  that  temperature  for  six  hours.  The  pats 
should  not  soften  or  crack. 

RECOMMENDATIONS  OF  THE   COMMFTTEE. 

The  committee  has  to  report  that  Mr.  Duryee's  recommendations 
have  been  carefully  considered  and  are  recommended  for  approval. 

In  the  matter  of  long-time  tests  of  cement  and  cement  mortar,  the 
conmiittee  recommends  that  a  series  of  such  tests  be  undertaken  in 
connection  with  the  construction  of  the  more  important  dams.  The 
aim  should  be  to  undertake  only  such  tests  as  it  is  desired  to  cover  a 
period  of  one  year  or  more.  However,  it  would  be  well  to  keep  con- 
stantly on  hand  a  limited  number  of  briquettes  for  short-time  tests 
to  be  utilized  for  explanatory  and  educational  purposes. 

In  addition  to  the  re^ilar  tests  of  neat  cement  and  cement  mortar 
using  standard  sand,  a  similar  s<»ries  of  tests  of  eonient  mortar  using 
samples  of  sands  and  broken-stone  screening  actually  used  in  the 
construction  should  Ix^  undertaken  in  order  to  determine  the  relative 
strength  of  mortars  made  with  ordinary  sands  and  with  broken-stone 
scTcenings.* 

Finally,  it  is  reconunended  that  as  far  as  practicable  all  tests 
should  be  conducted  in  accordance  with  rul(»s  adopted  ai\d  recom- 
mended by  the  American  Society  of  Civil  Engineers  and  by  the 
American  Society  for  Testing  Materials. 

COMMITTEE  OX  C08T8  ANT>  RE8UL1T8. 

At  the  Washington  conference  there  was  appointed  a  committee 
on  costs  and  results,  to  which  was  referred  the  entire  subject  of  costs, 
both  estimated  and  actual,  and  which  was  instructed  to  consider 
the  necessary  records  and  methods  of  collecting  information,  and 
to  recommend  forms  for  such  a  system.  On  January  14,  1905,  the 
committee  reported  as  follows,  after  having  received  various  reports, 
suggestions,  and  forms  from  the  chief  engineer,  from  other  engi- 
neers, and  from  former  committees ; 
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ACCOUNTING. 

There  are  three  closely  related  but  distinct  ulcerations  to  he  con- 
sidered : 

(1)  Preparation  of  estimates  in  advance  of  execution  of  work. 

(2)  Bookkei^ping,  or  records  of  exix*nditures  and  liabilities. 
(H)  Cost  keei)ing,  or  summation  of  actual  costs  of  work  done. 
Section  2  of  the  act  of  June  17,  1002,  rec^uires  that  the  Secretary 

of  the  Interior  shall  report  to  Congress  at  the  l)eginning  of^each 
regular  si»ssion,  giving  estimates  of  cost  of  all  contemplated  works, 
also  the  cost  of  works  in  pr(K*ess  of  construction,  as  well  as  those 
which  have  Ikh^u  completed.  In  short,  it  recjuires  that  the  Reclama- 
tion Service  shall  make  public  these  imi>ortant  details  of  actual  cost 
and  go  clearly  on  record  on  thes(>  vital  matters. 

ADVA  N  CE  ESTl  M  ATE8. 

The  law  thus  requires  a  rei)ort  on  tlie  estimated  cost  of  all  con- 
templated works.  There  is  opportunity  for  debati>  as  to  what  consti- 
tutes contemplated  work,  and  experience  has  shown  that  judgment 
must  be  used  in  not  disclosing  these  estimates  in  advance  of  actual 
receipt  of  bids  from  contractors.  It  is  to  be  assumed  that  the  law 
does  not  compel  the  divulging  of  information  which  good  business 
principles  require  should  be  kept  confidential.  The  items,  there 
fore,  which  go  to  make  up  the  details  of  the  cost  of  various  parts  of 
the  project  should  not  be  given  publicity  until  after  the  matter  has 
lieen  approved  by  the  Secretary  and  bids  received. 

In  the  preparation  of  advance  estimates  the  items  of  cost  which 
enter  into  the  estimates  should  \k'  stated  in  such  a  way  that  it  will 
be  practicable  in  the  future  to  check  these  against  the  actual  expendi- 
tures. It  is  to  be  assumed  that,  as  a  rule,  all  estimates  are  to  W 
pre|)ared  npon  the  basis  of  a  unit  price  for  earth  excavatioi.',  rock 
work,  concrete,  etc.  This  being  the  case  and  the  units  being  given 
it  will  be  possibh'  when  the  work  is  built  to  nud^e  direct  comparison. 

Wiile  it  is  desired  to  have  the  assumed  cost  ultimately  borne  out 
by  the  facts  obtained  in  construction,  yet,  at  the  same  time,  it  should 
Ik»  borne  in  mind  that  in  case  of  doubt  the  estimates  should  be  high 
rather  than  low.  The  results  upon  the  public  mind  are  far  better 
if  the  work  is  executed  within  th(»  original  estimates,  and  great  credit 
is  usually  given  to  the  man  or  organization  executing  the  work 
within  the  limits  originally  set.  If,  however,  the  actual  cost  exceeds 
the  estimates,  either  in  unit  j)rices  or  quantities,  it  is  usually  difticult 
to  give  a  satisfactory  explanation.  The  advance  estinnites  on  which 
the  Secretary  is  asked  to  authorize  construction  of  a  ])roject  should 
therefore  be  prepared  with  a  view  to  covering  the  ])roject's  propor^ 
tion  of  the  State  and  Washington  general  charges. 
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Tlie  principle  stated  rtiiave  .should  alsn  l»e  oiiaervetl  in  IIk*  p: 
tion  of  the  quarterly  est  tin  a  ten. 

The  thriH'  Jiniourils  ^iveir  uiuier  tlie  hemliiif^  af  each   p 
aceoiuit  of  tlu*  ijuarterly  estiiniitt*ssli(»nl(l  ivpivst^nt  tlu*  following 

(1)  Totnl  t^xjx*iHlitiirt*"s  (jo  end  of  piwioiii^  quartt^iv  imltnlin 
exiH*ns*'s  for  which  voiuhers  were  apjimved  diiriug  that  jjcritKh 

(ti>  Kxpeiidiliin^s  iluriii^  exjjiriny:  (piarteri  inel inline?  all  e\p 
fur  vvhieh  vi>neherH  will  Ik*  appi^oved  durini^  tlie  qimi-t4?r,  wii 
regsi rd  t o  t h e  t i i n e  when  ( h e  r x j xni ^.  w as  i t j tni i* i vd . 

(I])  Ivstiinatetl  i-xpeiulituiTs  foi'  siRii*eding  i(uar1i*r,  which  fil 
bt*  an  aiuuunt  sriffieioiit  lo  enver  all  exjHHi!*  which  it  is  c*X[R>€tod 
U»  iiirnri^ei]  ajul  all  inipuid  liabilities  of  previuuH  *]uarters. 
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Vourhrr^. —  In  the  iijH'rHtioris  of  the  HerluiiuUion  Service,  m 
pnhlie  limtter?*,  e,\[K'rulitm*eH  are  iiiaile  M*lely  upon  voiii'htn>»  proj 

appro vihI.  Kacli  ii!di\  liliuil  votu*tier,  wliptlier  liir^:  cir  >iiualL  i^i 
iutva  a  unit  and  i^  EuindK'd  ami  nmsiilereJ  as  sneh.  The  itcoiH  ij 
vouehers  umy  W  dii^tribiitetl  or  grouped,  bid  the  voucher  itstWf  tifi 
that  relates  to  it  is  a  distinct  entity  and  slioiihl  Ik^  so  Irx^iitmb 
other  words*  the  step  from  the  voucher  to  the  entry  or  fe^i^rien  of  itfj 
in  tlie  IkhjIcs  nnist  U^  diivct*  and  all  further  ste|)s  conH4H*utivt%  m 
starting  with  the  voucher  at  I  lie  iK'^inninij:  or  with  the  final  statei 
at  the  end,  it  will  be  possi!>le  for  a  [person  uf  ordinary  li'siinin 
follow  forward  or  backward  and  tniec  nut  or  cheek  over  all  intc 
diale  steps.  A  metlio<l  of  bo<>kkee[)in^^  wlMch  iloes  not  |>crniit 
rapid  iind  tlulinite  verification  will  not  answer  the  purpust*  fur  w 
it  is  intcntliMl. 

Tlie  MKicher  is  ultimately  Uef»osikHl  in  sinne  safe  place*  but,  tht 
fia-min^r  (be  romidnlion  ujhjn  wbieb  tla*  bookkeeping  ii«st.s»  is 
always  avuilabU*  for  ipiiek  referent  e.  The  (iM  entry  or  H**ne 
cntrii^s  maile  from  tlu^  vonchrr  luusi  Ik*  salliricntly  clear  to  eruildi 
future  distributirais  of  accounts  to  lie  ellVetetk  This  distribution 
only  lie  niaile  in  most  eas<*s  by  the  pei^ion  ineurjin^  tla^  exjaMii^t'  or 
tifyin^  primarily  to  its  pro[jriety.  After  the  first  ivrtificatio 
made  the  voucher  usually  pass*:'S  into  tia*  hands  of  other  |wrsons, 
ait*  less  and  less  ([ua  1 1  lied  by  per^*nal  knowknl^t'  to  verify  the  nni 
It  is  thei'efure  rei|uiretl  thiit  I  lie  perstjn  ori^nually  certifying  to 
aceonnt  shoidd  indicate  at  that  time,  while  the  matter  is  fresh  iu  m 
the  item  or  items  to  which  charges  are  to  Ije  m;ide. 

Vhitrffe  ^hrt. — The  Hrst  step  in  the  bookkee])ing  is  the  prepara 
of  a  charge  shc^et  (  Forms  Ji-501,  l*^r>02,  IJ-riO^i)  {■i>vei"in*r  the  aniotu: 
©aeh  voucher  and  sliowin^  its  distribution  into  several  element 
expensi",  A  new  form  is  i*eeommendeib  Inning  nine  subdivis 
of  secondary  charges  and  nine  of  tertiary  charges,  I'he  definition 
the  bwondary  cliarges  ai^  as  follows ; 
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Examination:  Reconnaissance  and  all  preliminary  investigation. 

Survey:  Topography,  testing,  and  location. 

Design:  Preparation  of  plans  and  detail  drawings. 

Subdivision:  Limiting  area  of  land  jx»r  entry  in  the  determination 
of  farm  units,  including  examinati(m  of  the  soil. 

Rights  and  property:  Acciuisition  of  lands  and  rights^,  abstract  of 
title,  and  recording. 

Construction:  Building  of  the  project  works  and  of  structures, 
etc.,  incidental  to  such  building. 

Maintenance:  Depreciation  and  repairs  on  the  irrigation  works  of 
such  a  character  as  to  lx>  separable  from  operating  costs. 

Operation:  Services  and  supplies  for  operating  the  irrigation 
works  and  incidental  repairs  made  by  operatives. 

Executive:  Administration  and  *' all  other  expenditures  provided 
for." 

Each  secondary  charge  has  nine  subdivisions,  or  tertiary  charges, 
as  follows: 

Services. — All  charges  for  salaries,  annual  or  monthly,  wages  by  the 
day  or  hour,  and  any  other  expenditures  for  personal  services only,  or 
for  s<»rvices  of  men  with  teams,  or  hors(>  hire  not  classed  as  liver}% 
where  the  employment  is  a  continuing  one  at  a  unit  rate."  (See 
Regulations  U.  s!  G.  S.,  1003,  sec.  43,  p.  U.) 

Traveling. — All  charges  for  railroad  fare,  street-car  fare,  stage 
fare,  livery  and  keep  thereof,  ferriage,  tolls,  sleeping-  and  parlor-car 
fare,  porterage,  checking  parcels,  hotel  l)ills,  meals,  laundry,  tele- 
grams, and  other  necessary  and  incidental  expenditun^s  directly  the 
result  of  a  journey,  and  the  jurat  fee.  (See  Regulations  U.  S.  O.  S., 
si»c.  45,  p.  :^:^.) 

Subsistence. — All  charges,  including  freight,  for  meals,  rations, 
food,  wat(»r,  lodging,  etc.,  for  men  only,  when  not  traveling."  (See 
Regulations  U.  S.  (J.  S.,  sit.  (W,  p.  48.) 

Equipment. — All  charges,  including  freight,  for  nonexpendable 
property,  including  public  animals.  (Se<»  Ivegulati(ms  M.  S.  (t.  S., 
sec.  54,  p.  41.) 

Materials. — All  charges,  including  freight,  for  exj)endable  prop- 
erty entering  into  construction  and  remaining  a  part  thereof. 

Supplies. — xVll  charges,  including  freight,  for  expendable  pr()|)erty 
used  in  preliminary  and  construction  work,  and  wholly  consumed 
therein,  fuel,  explosives,  lubricants,  illumination,  repairs  (including 
services  when  c^anbined  with  ''job''  charges  for  repair  supplies), 
stationery,  advertising,  telej)hone,  telegrams,  and  miscellaneous  ex- 
penses not  classified  elsewhere." 

«  The  wageB  of  cooks,  which  are  a  part  of  the  cost  of  RuhRlstence  :  of  men  in  (lovern- 
ment  employ  enRnjced  In  repairs,  whlrh  are  a  part  of  tlie  cost  of  supplies;  of  janitors, 
which  are  a  part  of  the  co«t  «>f  rent  ;  ami  of  hostlers  and  stal)lemen.  wlilcli  are  a  part 
of  the  cost  of  the  care  of  animals,  are  all  to  I)e  entered  under  *'  Services." 
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Rent  ami  ^torn^^— All  rharp*^  ftir  ivnt  of  oflices  and  other  buiM 
iiigs,  tnul  ><toni*jrf  nf  tH(inpinfnt,  luHMTiaL  and  su{i|>lii.*?>  hut  EtM.  i«r 
tiini^  nf  \nM\r  iiiuinHLs/'  (Sw  Itv^uhium^  II,  8.  Ci,  S^  ^v  il. 
p,   HK) 

Ftjraja:*\--Ali  rHiarp^s,  ini'lii<liii«*;  rnn^ht,  fiH*  fcn^d  tint)  cwiu*  uf  pultlw 
or  hiivtl  unimals,  piistuni^e,  ettv  (Stn*  Iti^^ilntifitis  IL  8-  G-  S„  ^. 
45,  p.  33,  aikd  mh'.  *^4^p.  41).) 

Const rurt ion  cnn tracts- — All  cJiar^n'H  for  paytni'iils  to  <H>iitnicloh 
on  arcount  of  rornpli^tod  pm'tiuns  of  coii^^lnirticin  work  (Vourli^r 
Form  t)-208).  This  inrliuU^s  lioth  iimlt*rials  fiinuHlMMl  mul  viurk 
dcuji',  noii  rovei's  HTiua tills  which,  if  the  work  wt*rt^  iloiie  *lii^'tiy 
the  tioveriimejit*  would  Ik*  sfucad  <>vi*r  thi*  prrcr<Iin^  eii^lit  Antf^ 

A  charge  sheet  sh(>uhl  Ik»  ]>rcpaivd  for  arnl  act^oinpjmy  to  I  he  Wa: 
in^cai  office  eacfi  voucher  aj)provcd  for  payment  from  the  recknjji 
tioti  fiiiid.  It  should  tint  he  [)re|)aivd  fnr  transportiitiori  nH|i»<*^t>, 
tnlls  of  ladings  or  other  urif»aid  liahiljties,  hiH  the  t*oopoiis  uf  tmn^ 
l>ortatinn  i^etpiests  and  bills  of  lading  sh<aUil  have  iudioitinl  themiD 
to  whnt  |>rojeets  and  to  what  secondary  and  tertiary  uecounUs  tbqn 
are  t^fiar^tmhle.  ^ 

Transfer  »heei* — Whenever  chargeH  niftde  against  one  prinian* 
ftcrount  nw  to  U'  reentered  apiinst  other  aec<mnts,  tratisft*r  <hi*i*f^ 
(  Korni  S^-^ifH)  ^houing  the  anicHint  id  snch  cliargi*s,  the  HuhjtHl-iaJit- 
ter  IheitHt^  and  it.s  distribution  shonhl  U*  prepared  by  tJie  iifpn? 
entitled  to  the  cinlit.  j 

Df'hit  and  n^HlH  notire^, — Appropriate  debit  and    ctXKlit    notitfiil 
(Fornis  1t-5fjr*,  O-riOl*)  shouM  he  preparetl  in  the  Wasbin0on  office  ' 
rind  sent  to  the  resident  en^dneers  or  to  the  ]jrc>|>er  en^jineers  in  charge, 
covering''  nil    chiir|fes  uimI    allnvvnnccs   tu   the   pi*oi<3<-'t    arisiii|^   fixitil 
wittiont  thti  office  of  sticli  enf^iiaH'rs. 

All  vouclici-s  made  hy  the  several  experts  and  Hjwcifilists  of  Ibfe 
8ervi(*e  ftn-  ]jureh;iS4's  which  wvv  to  he  apf>lie()  tu  the  various?  projiH^ts 
hhoidd,  after  apfiroval  hy  tlie  en^nneei-s  incurring  the  expend,  be 
sent  to  the  resident  engineers  for  recoid  and  should  be  accompanied 
by  appropriate  charge  sheets.  Such  action  will  avoid  discrepancies 
in  the  accounts  and  ^ive  the  resident  en<^ineers  fuller  information 
regarding  the  nature  of  the  ex])enditure  than  can  be  given  in  other 
ways. 

Vouchers  for  services  and  for  traveling  and  field  accounts  of  men 
under  their  direction  need  not  be  so  transmitted,  but  should  be  sent  on 
direct  for  payment.  When  such  men  are  detailed  to  a  project  for  any 
considerable  period  and  are  to  l>e  paid  there,  notice  of  the  salary  to 


«  The  wages  of  cooks,  which  are  a  part  of  the  cost  of  subsistence ;  of  men  In  (Jovern- 
inent  employ  en>;ased  In  repairs,  which  are  a  part  of  the  cost  of  supplies;  of  janitors, 
which  are  a  part  of  the  cost  of  rent;  and  of  hostlers  and  stablemen,  which  are  a  part 
of  the  cost  of  the  care  of  animals,  are  all  to  be  entered  under  **  Services." 
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V'  be  paid  them  and  of  the  date  from  which  such  payment  should  be 
:  made  shoidd  Ix*  sent  to  the  resident  en^neer  (Form  0-507). 

Gemral  rhargcH, — Work  done  in  one  State  for  the  l)enefit  of  the 

entire  Service  (as  tests  of  certain  methods  of  doing  work  or  of  certain 

-  materials)  should  l)e  charged  to  appropriate  accounts  under  the  head 

of  the  Washington  office,  that  the  exj^ense  thereof  may  be  apportioned 

to  the  entire  Service,  as  are  all  the  accounts  under  Washhigtcm. 

The  giMieral  charges  for  a  State  having  one  principal  project  under 
construction  or  alK)ut  to  Ije  entered  on  should  l)e  charged  to  that 
project;  reconnaissance  charges  should  l)e  placed  against  definite 
projects,  either  those  under  way  or  those  being  considered. 

It  appears  that  there  will  not  Ixi  need  of  any  account  outside  of 
the  Washington  office  other  than  those  for  distinct  projects,  except 
reconnaissance  in  those  States  where  no  definite  project  has  yet  been 
developed. 

Unpaid  liahllitieH, — In  the  matter  of  salaries  and  of  the  greater  por- 
tion of  its  miscellaneous  purchasers  the  (Jovernment  is  not  a  credit 
purchaser.  But  in  certain  lines  of  business,  particularly  transporta- 
tion, where  the  purchasers  are  large  in  numl)er  and  relatively  small  in 
amount  individually,  the  chargt»s  are  allowed  to  remain  oi\  account 
until  such  time  as  a  statement  of  c..?count  or  ''  bill  "  therefor  is 
rendered,  when  charges,  often  covering  a  large  numlx»r  of  items,  are 
vouchered  and  paid.  Such  charges  are  mainly  for  passenger  fares, 
freight,  express,  and  telegraph  tolls. 

There  should  Iw  kept  in  each  district  or  project  office  a  "'  record  of 
liabilities  incurred  for  which  voucliers  have  not  bwn  approved.'' 

Herein  should  be  recorded  all  transportation  r(H|uests  and  bills  of 
lading  issued  to  transportation  companies,  giving  date,  number, 
railroads,  etc.,  affected,  points  from  and  to,  amount,  and  accounts 
chargeable. 

When  transportation  re(|uests  and  i)ills  of  lading  are  delivered  in 
blank,  a  record  should  in*  made  of  the  numlxT,  etc.,  and  a  pencil 
memorandum  i)e  made  of  the  date  and  name  of  person  to  wlumi 
delivered,  until  such  time  as  the  other  information  can  be  supplied. 

Charge  sheets  should  not  Ik*  prepared  for  such  unpaid  liabilities 
until  the  accounts  therefor  have  been  vouchered  and  approved,  nor 
should  entries  therefor  be  made  in  any  of  the  various  hnlgers  at 
project,  <listrict,  or  Washington  offices,  as  such  entries  are  to  be  made 
only  on  charge  sheets  bascnl  on  j)aid  or  approved  vouchers. 

When  notice  is  received  of  th(»  approval  of  the  voucher  covering 
an  item  of  this  record,  the  date  of  approval  should  be  entered  in  the 
last  column. 

xVU  items  of  this  record  for  which  the  vouchers' 
approved  are  outstanding  liabilities. 
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COST  KEEPING. 

Definition. — Cost  keeping,  or  tlie  summation  of  actual  cost  of  wwk 
done,  is  founded  on  the  expenses  incurred,  but  is  largely  dependoit 
upon  engineering  data.  It  is  important  to  carefully  observe  the 
distinction  between  bookkeeping  in  general,  which  consists  in  keeping 
the  record  of  expenditures,  liabilities,  etc,  and  cost  keeping  as  above 
defined.  There  is  a  wide  distinction  to  be  observed  between  the 
amount  of  money  which  is  spent,  for  example,  on  a  contract  for  the 
construction  of  a  canal  and  the  amount  which  that  canal  actually 
costs  the  contractor.  The  first  is  of  general  interest  from  the  finan- 
cial standpoint  mainly ;  the  second  is  of  most  value  to  the  engineers, 
not  only  for  comparison  with  the  original  estimates  of  cost,  but  as 
a  guide  in  the  preparation  of  future  estimates. 

The  keeping  of  a  record  of  the  contract  cost  is  relatively  a  simple 
matter.  This  can  be  ascertained  from  the  contract  itself  or  record  of 
expenditures.  The  actual  cost  of  the  work  is  determined,  however, 
with  considerable  diflBculty,  since  it  involves  the  recording  daily  of 
facts  concerning  number  of  men  employed,  material  used,  and  miscel- 
laneous expenditures. 

The  item  of  cost  keeping  is  largely  an  engineering  function,  and  all 
estimates  of  the  actual  or  net  cost  of  construction  must  be  made  under 
the  supervision  of  an  engineer  concerned  immediately  with  the  exe- 
cution of  the  work.  The  record  books  should  l)o  simple  yet  explicit, 
and  the  dates  noted  should  Im>  collated  and  arranged  acconling  to 
some  uniform  system  susroptiblo  of  chockin<i:  and  verification. 

For  the  rost  accounts  three  classes  of  records  are  necessary — store? 
lx)oks,  showing  purchases  and  how  the  articles  are  applied  to  the 
project  and  giving  inventories  of  stocks  on  hand ;  time  l)ooks,  show- 
ing the  entire  force  account  of  the  (lovernnient  and  of  contractors: 
and  rei^orts  or  estimates  of  quantities  of  work  done.  As  very  dif- 
ferent conditions  exist  during  the  preliniinarv  i)eriod  of  survey  and 
the  later  jx^riod  of  construction,  two  s(»ts  of  time  hooks  and  re[K)rts 
are  provided,  intended,  respectively,  for  us(»  in  collecting  and  report- 
ing the  costs  of  survey  and  the  co^its  of  construction. 

Sforrs  accovntH. — For  stones  records  ordinary  blank  books  with 
ledger  ruling  may  be  ustnl,  with  the  following  instructions  inserted 
in  each  liook  (Form  9-508)  : 

xVll  stores  should  be  divided  into  five  general  classes  corresponding 
to  the  subdivisions  of  the  charge  sheet  relating  to  stores. 

Equipment :  All  nonexi)endal)le  property,  including  public  animals. 
(See  Regulati(ms  XL  S.  G.  S.,  s<h\  5^,  p.  4L) 

Materials:  All  expendable  property  entering  into  construction  and 
remaining  a  part  thereof. 

Supplies:  All  exi)endable  i)roperty  us(h1  in  preliminary  and  con- 
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struction  work,  and  wholly  consumed  therein,  fuel,  explosives,  lubri- 
cants, illumination,  repairs  (including  services  when  combined  with 
•'  job  "  charges  for  repair  supplies),  and  stationery. 

Subsistence:  All  rations,  f(K)d,  water,  etc.,  for  men  only.  (See 
Regulations  XT.  S.  G.  S.,  1903,  sec.  02,  p.  48.) 

Forage:  All  feed  for  public  or  hired  animals,  etc.  (See  Regula- 
.   lions  I  J.  S.  G.  S.,  1903,  sec.  45,  p.  33,  and  sec.  G4,  p.  49.) 

For  equipment  use  the  proi>erty  account  blanks  of  the  United 
States  Geological  Survey,  retaining  a  duplicate  and  indicating 
theivon  not  only  the  name  of  the  person  in  possession  of  the  property, 
but  also  the  feature  of  the  work  on  which  it  is  then  used. 

For  each  of  the  other  divisions  of  the  stores  accounts,  there  should 
be  a  s(»parate  Ixmk  or  division  of  the  l)ook  in  which  there  should  \ye 
opened  an  account  with  each  general  kind  of  stores  handled.  There 
may  1k»  cme  miscelhmeous  account  in  each  general  class,  to  which  will 
be  entered  single  puix*hases  for  specific  jHirposes,  showing  how  the 
articles  were  applied. 

The  accounts  under  "'Subsistence"  should  conform  to  the  ration 
list,  and  where  different  articles  are  grouped  under  one  heading  of 
that  list,  as  fresh  meat,  which  inchides  fish,  poultry,  and  eggs,  the 
substitute  articles  should  l)e  entered  to  appropriate  accounts  following 
tlie  principal  one. 

Indicate  all  debits  in  numl)er  of  units,  as  i>ounds,  gallons,  etc.;  enter 
description  and  whence  j)rocured,  with  voucher  numl^er,  if  possible: 
show  unit  price  therecm  and  gross  cost. 

Indicate  all  credits  in  like  manner  and  state  the  purpose  to  which 
the  stores  are  applied;  state  feature  of  the  work  rather  than  the 
jK»rson  to  whom  delivered. 

Balances  should  always  agree  with  the  inventories  of  stores  on 
hand. 

All  purchases,  whether  for  the  general  store  or  for  field  parties, 
and  all  requisitions  for  stores  made  by  field  parties  on  the  general 
store  should  be  made  on  recjuisition  I)Ianks  in  duplicate*  (Form 
0-509),  and  one  copy  Iv  retained  I)v  the  person  ordering,  the  other, 
in  the  case  of  purchases  from  outside  sui)pliers,  to  accompany  the 
invoice  rendered  for  the  goods.  \Vhen  stores  are  furnished  by  the 
general  stores  keeper  on  such  requisitions,  an  invoice  in  duplicate 
(P\)rm  9-510)  should  bo  prepared  by  him  for  the  jirticles  supplied, 
showing,  in  case  of  failure  to  complete  the  order,  when  the  other 
articles  will  be  furnished. 

AnalyseH  of  rostn, — A  logical  report  upon  costs  requires  the  follow- 
ing procedure,  which  should  1m»  as  nearly  uniform  as  possible  in  all 
work  of  this  Service: 

(1)   The  collection  of  data  in  the  field. 
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(2)  The  arrangement  and  tabulation  of  these  data  in  fhe  local 
offices. 

(B)  The  transmission  to  superior  officers  of  the  results  of  sudi  cd- 
lation  as  fully  as  required  to  be  clearly  understood,  but  not  in  sodi 
detail  as  to  defeat  the  purposes  of  the  reports  by  rraidering  them 
cumbersome. 

Costs  of  surveys. — ^For  the  Government  executive  and  the  eigi- 
neering  force  in  the  prosecution  of  surveys,  both  during  the  prelimi- 
nary stages  and  the  construction  periods,  the  following  forms  ire 
provided : 

(1)  Time  book  (Form  9-511),  containing  blanks  in  which  to 
record  the  names  and  permanent  addresses  of  members  of  the  parties; 
a  daily  time  record  of  men  and  teams,  daily  memoranda,  and  a 
monthly  summary. 

(2)  Weekly  report  (Form  9-512)  from  chiefs  of  party  to  residoit 
engineers. 

(3)  Monthly  report  (Form  9-513)  from  chiefs  of  party  and  others 
in  charge  of  specific  classes  of  work  to  the  resident  engineers  for 
approval  and  transmission  to  the  supervising  engineers. 

(4)  Monthly  summary  (Form  9-514)  of  operations  from  resident 
engineers  to  superior  officers. 

All  of  these  forms  are  based  upon  the  distribution  provided  for  on 
the  charge  sheet. 

Costs  of  cfmstrttrtlon. — For  the  collection  and  transmission  of  in- 
formation con('(»rning  work  on  construction,  whether  under  contract 
or  on  force  a(;count,  the  following  forms  are  provided: 

(1)  Time  book  (Form  9-515),  similar  to  the  one  prepared  for  use 
on  surveys  except  that  the  blanks  for  daily  memoranda  and  monthly 
summary  are  omitted.  All  engineers  or  insj)ectors  having  relations 
with  contractors  or  in  direct  charge  of  any  portions  of  construction 
work  on  force  account  should  keep  journals,  and  should  record  fully 
the  daily  operations,  instructions,  and  information  furnished  to  con- 
tractors or  foremen  and  lists  of  the  expenditures  made. 

(2)  Field  engineering  record  (Form  9-510),  for  use  by  the  assist- 
ant engineer  in  charge  of  a  section  of  construction  work. 

( ^)  Engineering  sunnnarv  ( Form  9-517) ,  on  which  is  to  be  collected 
the  data  recorded  on  the  previous  form,  and  a  copy  of  which  is  to  lie 
prepared  for  the  resident  and  supervising  engineers. 

(4)  Monthly  statement  (Form  9-518),  to  be  printed  on  translucent 
pap(»r.  This  statement  is  to  be  i)repare(l  at  the  same  time  as  the 
voucher  (Form  9-208),  and  should  show  all  the  data  on  the  voucher. 
Sufficient  copies  should  be  prepared  to  furnish  a<  least  one  copy  each 
to  the  offices  of  the  resident,  supervising,  and  chief  engineers  and  one 
to  the  contractor. 

Cost  Hummmnj, — For  the  working  out  of  contractors'  prime  costs 
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g^.  (i.  e.,  costs  of  labor,  materials,  and  supplies,  and  excluding  equipment 
in  use  and  general  charges  at  distant  offices  "'not  in  sight  "),  a  cost 
j^isumniarv  or  statement  of  force  emploj'ed,  material  delivereil,  and 
.--.work  done  (Form  9-519)  is  prepared  on  translucent  paper.     This  is 
;,- divided  into  vertical  sections,  which  should  l)e  supplied  with  appro- 
priate headings  ,to  indicate  the  character  and  class  of  the  excavation, 
,  masonry,  etc.     Under  excavation,  there  should  also  l)e  reported  the 
.  kind   of  earth,   the   method   of  excavating  employed — whether   by 
..  machinery  or  hand  labor — the  mode  of  transportation,  and  the  length 
of  haul.     Under  masonry,  if  for  concrete  in  place,  there  should  be 
reported  the  method  of  mixing,  the  proportions  and  materials  used, 
-    the  mode  of  transjxu'tation,  and  the  length  of  haul.     It  is  divided 
horizontally  into  sections  headed  "  labor,"  under  which  should  be 
entered  all  man  or  team  lal)or,  irresjK^ctive  of  whether  teams  are 
owned  or  hired  by  the  contractor,  at  the  current  rates  for  such  service, 
and  "'  materials  and  supplies  furnished  by  contractor,"  under  wiiich 
should  l)e  entered  all  stores  furnished  by  tlie  contractor  which  have 
l)een  applied  to  or  consumed  upon  the  work  done. 

The  cost  to  contractor  obtained  by  a  summation  of  the  charges  for 
lalK>r,  materials,  etc.,  will  be  a  prime  cost,  and  will  not,  excepting 
indirectly,  include  depreciation  of  equipment  or  executive  charges. 

Below  are  spaces  for  the  contract  price,  for  '*  materials  and  sup- 
plies "  furnished  by  the  Government,  and  "  engineering  expenses,"  the 
last  two  supplied  with  sufficient  blank  lines  to  permit  them  to  be. 
divided  into  their  principal  elements,  as  are  the  force  and  material 
accounts  of  the  contractor  alK>ve. 

A  summation  of  these  last  thrtn*  items  will  furnish  a  prime  cost  to 
the  Government,  which  again  does  not  otherwise  than  indirectly 
include  depreciation  of  equipment  or  State  or  Washington  chai-ges. 

Repfnt  of  costH, — For  a  concise  statement  to  the  chief  engineer  a 
report  of  costs  (Form  D-oiiO)  is  prej)ared  which  will  present  on  one 
sheet  of  letter  size  the  kind  and  (|uantity  of  work  done  on  each  divi- 
sion of  the  project  work  and  the  cost  thereof  to  the  contractors.  Also 
the  cost  to  the  (lovernnient  for  amounts  paid  to  contractors,  for  mate- 
rials and  supjdies  furnished,  for  engineering  expenses,  and  the  total 
cost  to  date.  The  uint  costs  shown  an*  the  contractors'  prime  cost,  the 
unit  i)rice  per  contract,  and  the  (lovernment  prime  cost.  A  statement 
of  the  whole  number  of  men  employed  on  contract  work  and  on  en- 
gineering work  is  provided  for. 

i»ro(;rf>s  diaokams. 

Progress  maps  or  diagrams  showing  graphically  the  work  accom- 
plished should,  whenever  practicable,  be  prepared  by  engineers  in 
charge  of  specific  work  to  accom[)any  their  reports  to  the  supervising 
and  chief  engineers. 
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Such  maps  and  diagrams  must  necessarily  be  drawn  fipedfical^ 
for  each  project,  but  they  should  be  as  nearly  uniform  in  plan  tad 
details  as  possible.  It  is  recommended  that,  whenever  practicable, 
these  diagram's  be  prepared  in  the  Washington  office,  under  the  direc- 
tion of  the  resident  subcommittee  hereinafter  referred  to,  in  accordance 
with  data  and  suggestions  furnished  by  the  supervising  engineers, 
the  phms  to  be  photographed  and  as  many  prints  as  may  be  required 
to  be  sent  to  the  supervising  engineers  having  jurisdiction.  These 
plans  must  be  simple,  so  that  they  may  be  readily  understood  at  a 
glance  by  members  of  Congress  and  others  not  en^neers,  and  must 
show  the  character,  amount,  and  locality  of  the  work  and  the  cost 
thereof. 

Whenever  it  is  not  practicable  for  such  maps  and  diagrams  to  be 
made  in  the  Washington  office,  they  may  be  prepared  in  the  oiBce  of 
the  project  or  supervising  engineers,  but  in  such  cases  they  should, 
if  {x>ssible,  be  sent  at  once  to  AVashington  for  reproduction  and  return. 
In  all  such  progress  maps  and  diagrams  standard  colors  showing  the 
work  a(;complished  in  each  month  should  be  used,  sheets  6f  such 
standard  colors  being  furnished  from  the  Washington  office.* 

All  such  maps  and  diagrams  should  l)e  of  such  size  that  they  may 
be  folded  to  letter  size,  and  in  no  cAse  should  they  be  larger  than  4 
times  letter  size — i.  e.,  16  by  21  inches. 

T1h»  maps  and  diagrams  of  i>rogress  and  the  reports  of  cost  and 
other  operations  should  be  profxrly  collated  and  filed  in  the  Wadi- 
iii^ton  office,  convoniiMit  for  n»n(ly  referonco.  The  information  to  be 
ol)taiiio(l  from  sudi  statistics  ns  they  are  crnidnally  accumulated  can 
then  1)0  tahulated  and  put  in  such  shape  as  to  bi»  available  for  the 
benefit  of  the  entiiv.  Service. 

PREPARATION    OF    I'X)RMS. 

All  blanks  of  tlie  Reclamation  Service  having  relation  to  accounts 
and  reports,  including  vouchers,  charge  sheets,  debit  and  credit 
notices,  bills  of  lading,  property  returns,  weekly  and  monthly  reports. 
and  circnlai*s  of  instructions,  slxould  be  printed  on  paper  of  distinc- 
tive color. 

It  is  reconnnended  that  the  preparation  and  final  approval  of  the 
forms  which  are  herein  j)r()p()S(Hl  and  which  further  experience  may 
show  to  Ik?  essential  for  the  keeping  of  accounts  and  reports  of 
progress  shall  Ik*  intrusted  to  the  nienilwrs  of  this  committee  residing 
in  AVashington  (Messrs.  Webster,  Olln^'g,  and  Paul),  but  that  sug- 
gested forms  l)e  submitted  for  suggestion  and  criticism  to  the  other 

-  See  p.  230. 
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\9   iiieiiibers  of  this  committee  l>efore  final  action  is  taken.     All  such 
:    forms  should  l)e  j>rocured  from  Washington. 

It  is  recommended  that  prior  to  the  establishment  of  further  local 
f  accounts  the  Washington  office  be  consulted  in  order  to  bring  about  a 
r    uniform  system  of  accounts  throughout  the  Service. 

OPERATIONS    IN    WA8IIINOTON    OFFICE. 

In  the  Washington  office  the  complete  books  of  the  Reclamation 
Service  are  to  be  kept  in  simple  yet  explicit  form,  showing  resources, 
linbilities,  and  exjKinditures.  The  charges  made  and  the  totals  of 
expenditures  are  to  be  siMit  from  time  to  time  to  the  engineers  inter- 
esletl,  and  the  l)ooks  in  the  hnral  offic*es  should  be  kept  in  accord  with 
those  in  the  Washington  office. 

OPERATIONS    IN    IX>CAI.   OFFICES. 

In  each  local  office  the  lxK)ks  should  U»  kept  on  the  same  general 
system  as  those  in  the  AVashington  office,  but  in  addition  the  local 
office  should  keep  all  of  the  original  noteU)oks  and  other  records 
which  go  to  show  both  the  original  estimates  and  the  cost-keeping 
records.  As  nearly  as  possible  a  uniform  system  should  be  employed 
in  the  latter  oj^erations,  so  that  assistant  engineers  accustomed  to  cost 
keeping  in  one  locality  can  on  being  transferred  continue  the  work 
at  another  point. 

The  conmiittee  recommends  that  duplicate  coj)ies  of  this  report,  if 
approved,  or  of  so  much  of  it  as  may  be  adopted,  U»  prepared  and, 
with  a  complete  s<»t  of  the  forms  referred  to,  be  sent  each  engineer 
liaving  charge  of  local  accounts. 

UEPOUT    OF    COMMITTEK    ON    DTTY    OF    WATKU,   ALKALI, 

AND   IJUAINAGF. 

The  work  of  the  Keclainatioii  Service  in  the  construction  of  irri- 
gation works  of  niagniliide  involves  a  series  of  investigations  and 
experiments  whose  object  is  to  determine  the  practicability  of  irrigat- 
ing certain  lands.  Such  experiments  and  investigations  are  an  essen- 
tial part  of  the  work  which  the  Secretary  of  the  Interior  is  authorized 
to  undertake  in  section  '2  of  the  reclamation  act,  and  are  necessary  in 
order  for  him  to  determine  ''  all  the  facts  relative  to  the  practicability 
of  each  irrigation  project."  Among  such  investigations  and  experi- 
ments are  those  on  the  duty  of  water,  soil  investigations,  experiments 
upon  the  reclanuition  of  alkali  land,  drainage  experiments,  et<'. 
Each  and  in  some  cases  all  of  these  should  Ik*  investigated  during 
the  progress  of  the  surveys  leading  up  to  the  building  of  a  project. 
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DUTY  OF   WATER. 

The  duty  of  water  under  a  stream  should  be  known  l)efore  a  project 
is  approved,  in  order  that  canals  can  be  designed  so  as  to  carry  the 
amount  of  water  proper  for  the  irrigation  of  the  farms  lying  under 
them.  AVhile  it  is  true  that  the  duty  will  vary  with  every  kind  of 
plant  grown  under  every  variety  of  soil  in  every  climat«^  and  even 
with  the  man  using  the  water,  yet  some  average  duty  should  be  deter- 
mined and  the  canal  cross  sections  and  grades  based  thereon. 

The  importance  of  the  exact  determination  of  the  duty  of  water 
can  not  Im  overestimated.  Where  a  figure  too  low  is  taken,  the 
plants  grown  will  suffer,  low  yields  will  re^sult,  and  the  farmers  will 
not  receive  the  full  l)enefit  of  their  lal)ors.  On  the  other  hand, 
where  too  high  a  duty  is  taken,  the  area  of  land  which  can  be  irri- 
gated by  a  given  water  supply  is  underestimated,  valuable  land  is 
often  left  dry,  and  too  nmch  water  is  used,  the  farmer  thereby  not 
only  damaging  his  own  lands  and  crops  but  those  of  his  neighbors 
lower  down. 

Many  observations  have  l)een  made  upon  the  duty  of  water  in 
various  parts  of  the  ITnited  States,  and  it  is  proposed  that  this  infor- 
mation be  collected  and  digested  for  the  use  of  engineers. 

There  are,  however,  many  districts  where  little  or  nothing  has 
l)een  done  \u  this  connection,  and  it  Ixicomes  nece^ssary  to  observe  irri- 
gated fields  in  the  vicinity  to  determine  this  quantity.  This  has 
IxHMi  done  in  the  f)ast  and  should  l)e  encouraged  in  the  future.  It  is 
hoped,  however,  that  methods  for  this  work  can  be  made  unifonn  in 
all  districts. 

When*  markedly  diiTerent  typos  of  soil  or  methods  of  farniing 
occur  in  siiHiciently  large  areas  to  I)e  irrigated  by  independent  canals, 
the  duty  of  water  should  i)e  determined  for  eac'h  type;  but  whon\ 
as  is  usually  the  case,  the  types  are  intermixed  and  it  is  not  possil)le 
to  find  large  areas  of  one  type  of  soil  or  of  farming,  the  piece  of 
ground  selected  should  l)e  nearly  an  average  of  the  types  ami 
should  have  the  crops  of  the  locality  in  aI)out  the  same  proportion  as 
in  the  whole  district.  If  it  is  possible  to  do  so,  an  arrangement 
should  be  nuide  by  which  the  engineer  in  charge  may  have  some 
control  of  the  amount  of  water  in  the  experiment.  That  is,  he  should! 
endeavor  to  determine  the  best  practice  rather  than  that  ordinarily 
followed  in  the  vicinity. 

All  water  used  should  be  measured  through  a  weir,  or,  in  case  of 
muddy  waters,  through  a  Hume,  the  records  being  kej)t  by  recording! 
weir  gage.  The  yield  of  the  crops  grown  undei*  the  experiment  should 
be  (let(M'uiined. 

As  a  further  check  upcm  tlr-  duty  of  water,  it  is  well,  where  possi- 
ble, to  measure  the  duty  under  a  large  canal  if  any  exist  in  the  com- 
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munity  or  near  by.  A  recording  gage  should  be  placet  at  the  head  of 
the  canal  and  the  area  irrigated  determined,  together  with  all  possi- 
ble facts  regarding  the  yield  and  quality  of  the  crops  grown. 

AVhile  the  primary  object  of  the  work  is  to  determine  the  capacity 
of  the  irrigating  canals  and  the  area  to  l)e  irrigated,  and  one  year's 
record  might  be  sufficient  for  this,  still,  as  the  actual  amount  needed 
for  each  acre  need  not  l)e  stated  until  applications  for  water  rights 
are  filed,  it  is  thought  well  to  contiinie  the  records  for  at  least  five 
years,  so  as  to  overcome  discrepancies  caused  by  unusual  seasons  and 
to  determine  a;s  accurately  as  possible  the  best  practice  .and  to  start 
each  district  right. 

The  question  of  the  rate  and  time  of  delivery  of  the  water  is  of 
especial  importance  and  one  which  has  unfortunately  received  but 
little  attention.  When  pumping  plants  are  to  Ik»  built,  it  is  of  prime 
importance  to  know  the  maximum  rate  of  delivery  needed,  and  the 
same  considerations  apply  to  canals. 

ALKALI    AND    DRAINAGE. 

The  alkali  problem  is  one  of  vital  interest  to  the  irrigation  farmer. 
One-eighth  of  the  land  which  has  been  irrigated  in  the  United 
States  has  been  damaged  by  alkali  to  such  an  extent  that  its  cultiva- 
tion is  no  longer  profitable.  Such  a  loss  is  serious,  amounting  to 
nearly  $50,000,000,  and  indicates  something  very  unsound  in  the 
practice  heretofore  pursued.  Our  observations  clearly  indicate  that 
this  loss  is  largely  due  to  lack  of  drainage,  and  the  success  in  ade- 
quately drained  regions  indicates  the  fact  that  drainage  prevents 
such  loss. 

To  prevent  any  loss  of  land  in  the  projects  irrigated  by  the  Service 
it  l^ecomes  necessary  for  some  study  to  bc»  nuule  of  the  questicm,  and 
preventives  apj)lie(l. 

Experimental  work  so  invoh^.d  falls  under  two  classes:  (1)  Meth- 
ods of  preventing  damage  from  alkali,  and  (2)  methods  of  reclaiming 
lands  already  alkaline.  It  is  the  sens<»  of  this  conunittee  that  the 
Service  should  carry  on  certain  experimental  work  on  the  drainage 
and  management  of  alkali  lands.  This  work  might  1h»  done  by  the 
Department  of  Agriculture  by  request  from  this  Service,  but  the 
committee  recommtMids,  after  careful  consideration,  that  it  be  taken 
up  and  entirely  carried  out  hy  the  Reclamation  Service. 

Investigations  in  drainage  and  alkali  reclamation  work  should  be 
carried  on  on  tracts  of  10  or  20  acres.  Where  possible  the  land  should 
be  in  private  ownership,  and  the  Service  should  arrange  with  the 
owner  to  do  all  necessary  farm  woH:.  and  possibly  to  pay  for  the 
xnaterfal  used,  as  he  can  not  well  benefit  thereby.     Where  such  m 
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iirrangenient  is  not  possible,  a  tract  should  be  reserved  from  entry  for 
use  in  these  investigations  (see  see  7,  reclamation  act). 

Crop  introduction. — ^The  introduction  of  suitable  crops  fwr  eadi 
project  becomes  the  duty  of  the  Service.  The  majority  of  farmtts 
in  the  new  projects  will  be  inexi>erienced,  and,  in  order  that  they  be 
enabled  to  return  the  cost  of  irrigation,  they  should  be  advised  regard- 
ing the  best  crops  to  grow  and  the  best  ways  of  growing  and  markrt- 
ing  them.  Work  of  this  sort  involves  fanning  operations  and  seems 
to  fall  within  the  scope  of  the  I>epartment  of  Agriculture  and  the 
ex{)eriment  stations.  « 

It  is  suggested  that  upon  the  approval  of  a  project  the  Secretary  of 
Agriculture  be  informed  of  the  location,  extent,  and  preamble  time 
of  completion  of  the  project,  and  asked  to  suggest  crops  and  methods 
of  farming  adapted  to  the  country. 

Farm-unit  maps. — ^Tho  report  of  the  El  Paso  committee,  consisting 
of  MoHsrs.  Savage,  Bien,  and  Means,  on  farm  units  is  as  follows: 

The  principle  on  wbic-li  the  dealiuffs  with  tlie  settler  Hhould  be  tmiMsd  is  tbat 
he  Hliall  imy  for  what  he  ^ets  and  kiu>w  for  wliat  be  iiays.  Accordingly,  be 
HhouUl  know  the  number  of  acres  of  irrigal)1e  land  he  receives  and  the  amoiuit 
of  water  to  be  funiisbed  for  each  acre  i»er  annum.    It  is  recommended — 

(a)  That  the  f ami-unit  classification  sheets  shall  sliow  in  each  farm  unit  tbe 
boundary  of  tbe  irrigable  land  and  the  area  of  irrigable  land.  In  acres. 

(&)  Tbat  a  water-right  application  shall  state  the  number  of  acre-feet  per 
nnnuui  to  be  furnished  per  acre. 

(c)  That  the  charge  for  water  rights  shall  l>c  the  same  i>er  acre  of  Irrigable 
land. 

{(1)  That  the  land  W  classittcd  into  two  Krad(»s — irritable  and  nonirrigable— 
and  tliat  all  farm  nnits  contain  th(»  same  area  of  irripiblo  land  as  nearly  as 
I>rartl<'aMo,  ox<-cpt  in  the  case  of  areas  near  towns  and  those  susceiitible  of 
^rowinj:  more  valnable  <*rops,  tlms  [irovidinK  for  two  sizes  of  irrigable  areais  iu 
the  farm  nnits.  TIi(»  maxinnini  nnnd)er  of  aen»s  of  irri^rable  land  fixed  for  each 
elass  in  a  f»rojeet  sliall  l»e  adliennl  to  as  elosely  as  [K)ssible. 

ii)  Tliat  tlie  cliar^e  |H»r  acre  for  water  riajhts  on  i>rivate  land  be  the  same  hh 
for  pnl)Iic  land,  and  tliat  the  irrljrable  arejj  in  eacli  tra<*t  Ih»  detennineil  in  the 
same  way  as  for  public  land,  the  irrigal)le  area  allowed  one  man  in  no  caw  to 
exc(H^l  I(X)  acn?s. 

RECOM  MENDATK  )NS. 

After  discussion  of  the  above  subjects  in  committee  meetings  and  in 
general  conference  with  the  engineers,  the  following  specific  recom- 
menchitions  were  reported  for  api)roval: 

( 1 )  That  the  n»port  of  the  El  Paso  committee  on  farm  units  be 
adopted  and  made  tlie  ride  of  the  Servi(»e. 

('!)  That  determinations  of  the  (hity  of  water  l)e  made  by  engineers 
in  all  projects  where  reliable  figures  are  not  at  hand.  In  all  such 
investigaticms  the  object  shall  te  to  determine  the  l>est  practice  in  use 
of  water,  the  total  amount  of  water  per  acre  per  year,  and  the  amount 
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used   each  month  during  the  s(»ason,  with  the  maximum   delivery 
needed  at  any  one  time. 

(3)  That  drainag^e  of  all  lands  to  Ik^  irrigated  he  considered  in 
detail,  and  that  drainage  ditches  be  considered  an  essential  part  of 
the  irrigation  works. 

(4)  That  investigation  upcm  the  lx»st  methods  of  reclaiming  and 
managing  alkali  or  other  lands  is  essential  to  the  success  of  the 
reclamation  work  in  certain  projects. 

(5)  That  the  introduction  of  suitable  crops  and  agricultural  indus- 
tries is  important,  and  engineers  in  charge- of  projects  are  urged  to 
^ive  all  possil)le  aid  and  assistance  in  investigations  leading  to  the 
solution  of  thesi*  ju'oblems.  The  details  of  these  investigations  are  to 
be  worked  out  as  each  aris<»s. 

RKPOUT   OF  COMMITI^EK  ON  ORGANIZATION. 

Three  meetings  of  th<»  conmiittee  on  organization  were  held,  at 
which  a  numbt»r  of  engineers,  notably  Mensrs.  Ross,  Sandei-s,  Fellow^s, 
and  Storrs,  not  members  of  the  conmiittee,  attended  and  materially 
assisted  in  the  discussion. 

The  conmiittee  bi^lieves  that  it  is  undesirable  to  establish  absolute 
rules  of  procedure,  as  conditions  and  circumstances  may  change  so  as 
to  recpiire  other  methods. 

Chief  engineei'  and  aiSHistant  chief  ent/hwer, — It  is  especially  desir- 
able that  the  Washington  office,  and  particidarly  the  chief  engineer, 
should  keep  in  close  pei-sonal  touch  with  conditions  in  the  fiekl. 

The  conunittee  l)elifves  that  the  present  practice  of  providing  for 
visits  to  the  various  projects  l)y  tlie  chief  engineer  and  assistant  chief 
engineer,  alternately,  slioiihl  I)e  continued  for  tlie  benefit  of  the  Service 
and  of  the  executive*  engineei-s  in  the  field. 

CoihSHlt'nuj  enf/ineer.s. — For  the  protection  of  the  Service*  the  j)res- 
eiit  practice  should  be  continued  of  ha\'iiig  all  vital  points  relative  to 
the  i)olicy  and  construction  of  tlie  work  passed  upon  i)V  a  board  of 
consulting  engineers.  The  success  of  i\w  chief  engineer  in  si^curing 
tb(*  services  of  eminent  consulting  engineers  is  cause*  for  congratu- 
lation. Consulting  engineers  should  act  in  an  advisory  caj)acity  and 
should  not  issue  instructions  in  an  executive  capacity  to  the  men  who 
are  the  assistants  on  a  project.  Aftei*  consideration  of  a  (juestion, 
the  finding  of  a  majority  of  the  boanl  sliould  constitute  a  Kiial  deci- 
sion so  far  as  the  board  is  concerned.  This  report  should  then  l)e 
prescMited  to  the  chief  engineer. 

I^rojet't  board  meetn^j^. — The  district  or  supervising  engineer 
should,  when  necessary,  reejuest  the  chief  engineer  to  convene  a  board 
of  consulting  engineers.     Because  of  the  intimate  knowledge  of  the 
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project  in  question  which  is  had  by  the  executive  engineers  it  is  due 
to  them,  as  well  as  to  the  chief  engineer,  that  they  should  be  repre- 
sented in  such  conference. 

Tlie  chief  engineer  or  the  assistant  diief  engineer  may,  in  his  dis- 
cretion, convene  a  board  of  consulting  engineers  to  act  on  any  ques- 
tion where  consultation  is  deemed  necessary,  and  the  chief  engineer 
and  assistant  chief  engineer  may  be  members  of  the  board  when  they 
so  desire. 

In  order  that  the  construction  work  may  be  expedited,  the  decision 
of  the  project  board  should  be  accepted  by  the  su[)ervising  engineer 
as  final,  and  he  should  issue  instructions  in  accordance  therewith. 
This  action  should  be  presented  to  the  chief  engineer  for  his  review. 
The  action  of  the  project  board  involving  the  acceptance  or  rejection 
of  a  project  should,  however,  be  submitted  to  the  chief  engineer  for 
his  decision  before  action  is  taken  by  the  supervising  engineer. 

Executive  engineers. — In  order  that  the  related  duties  of  the  vari- 
ous engineers  may  be  clearly  defined  and  the  work  thus  expedited, 
the  supervising  or  district  engineers  should  be  considered  as  the  execu- 
tive heads  and  in  charge  of  the  management  of  their  respective  se^ 
tions  as  the  representatives  of  the  chief  engineer. 

The  chief  engineer  should  place  supervising  or  district  engine^^  in 
charge  of  certain  specific  territories.  Under  the  district  or  supervis- 
ing engineer  may  be  placed  project  engineers.  These  executive  engi- 
neers should  prepare  and  present  all  data  relative  to  any  particular 
project  or  section  thereof.  The  constructing  engineer  should,  if  pos- 
sible, prepare  plans  and  sj)ecifications,  or  assist  in  their  preparation, 
>vhen  they  relate  to  work  which  ho  is  to  build. 

The  positions  of  district  engineer  and  supervising  engineer  appar- 
ently are  not  well  defined.  It  would  appear  advisable  to  have  but  one 
intermediate  engineer  l)etween  the  project  engine<*r  and  the  chief 
engineer,  and  it  is  innnaterial  whether  such  engineer  be  called  a  dis- 
trict or  supervising  engineer. 

The  field  of  the  supervising  engineer  should  not  be  so  large  that  lie 
can  not  have  an  intimate,  detailed  knowledge  of  all  the  work  being 
performed  within  the  territory  ov(t  which  he  has  jurisdiction.  His 
rej)()rt  to  the  chief  enginwr  should  1k»  based  on  full  and  personal 
knowledge. 

(^onstnirtion  viujinverH, — The  construction  engineer  should  l^e  defi- 
nitely assigned  to  some  inqxniant  construction.  He  should  reside 
near  the  work  and  l)e  resj)onsible  for  its  construction  and  completion. 
He  should  report  through  the  supervising  engineer  to  the  chief  engi- 
neer. The  construction  engineer  should  be  a  member  of  the  board 
when  his  work  is  under  discussion.  He  should  Ix;  available  for  con- 
sultation work  in  the  inunediate  vicinity. 

Potoer  engineers, — The  power  engineers  appointed  by  the  chief 
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ii^rineer  should  be  available  as  experts  on  all  matters  ix^rtaining  to 
lie  ju:eiieration  and  transmission  of  power  and  its  application  to 
)uniping,  and  as  sucli  should  be  friHjly  consulted  by  the  other  engi- 
iei»rs. 

The  f)ower  engineers  should  1h»  called  on  by  the  supervising  engi- 
eer  to  assist  in  the  i)reliminary  investigations  of  such  projects  as 
ave  power  iK)ssibilitie.s,  and  in  such  cast\s  should  furnish  estimates 
f  first  cost  and  ofKiration  of  proj)os(Ml  j)ower  plants  to  the  supervis- 
ig  engineer  and  forward  a  copy  to  the  chief  engineer.  It  would  lx», 
dvisable  for  the  inve^stigation  of  apparatus  and  devicres  to  l)e  left 
ntirely  to  the  power  engineer  wherever  possible. 

After  any  project  is  aj)proved  for  construction  the  power  engineer 
[lould  have  executive  charge  of  all  matters  concerning  design  and 
onstruction  of  power  plant  and  pumping  system  and  should  issue 
pec ificiit ions,  on  approval  by  the  project  board,  for  the  apparatus 
eeded;  and  when  bids  have  lM»en  accepted  on  the  principal  units  he 
liould  prepare  designs  for  the  plant  as  a  whole,  in  a  water-power 
hint  the  power  engineer  should  lx»  guided  by  the  supervising  engi- 
eer  in  the  laying  out  of  the  delivery  of  the  water  to  and  it«  discharge 
roni  the  plant. 

All  accounts  cX)nnected  with  the  power  and  pumping  work  should 
e  kept  with  the  other  accounts  on  the  project,  but  in  such  a  manner 
liat  the  cost  can  l>e  sc»gregated  and  l)e  subject  to  the  aj)proval  of  the 
ujKTvising  engineer. 

The  enginei*r  of  any  project  and  the  power  engineer  should  confer 
Dgether  in  all  matters  where  their  work  meets,  and  each  on  re(|uest 
hould  furnish  the  other  any  information  necessary  to  the  c(mij)leti(m 
f  the  plan  of  the  project  as  a  whole. 

Owing  to  the  peculiar  nature  of  the  work  of  the  power  engineer, 
[  is  essential  that  his  oflicc*  should  have  a  fixed  location  or  head- 
uartei*s.  The  larger  part  of  the  study  and  design  of  a  power  project 
>  nuule  in  the  oHice,  and  (hat  oflicc*  will  re(|uire  frecpient  comnumica- 
i<m  with  manufacturers  or  their  agents,  and  should  be  h)cated  with 
hat  in  view^  as  centrally  as  ])()ssil)le  in  the  district  the  enginwr  is  to 
over. 

The  power  engineer  should  have  charge  of  the  oj)erati(m  of  the 
ower  plants  in  his  district. 

The  power  engineer  siiould  Ih'  a  memi)er  of  the  i)roject  board  when 
uestions  involving  his  work  are  under  consideratitai. 

UEPOKT  OF  COMMrrTEK   ON   I'OWKIl  AND   PITMPING. 

(JENEKAL    STATEM ENT. 

The  applying  of  transmitted  wUer  power  to  the  uses  of  irrigation, 
:hether  to  operate  large  pumps  from  lakes  or  streams  or  to  pump 
ater  from  miderground  sources,  offers  a  very  wide  field  for  consid- 
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mition  atul  tiuiy  bp  clivitli^d  intt*  soveral  nlrtswt*s,  atMunliiif;  lu  wJiHl«f 
thw  tninKruiKHiuii  is  short  ui*  long  (U  may  be  exteiidcnl  up  tci  75  mile? 

and  listed  to  flistribn!**  jwnvor  uV4*r  n  hw^r  jm'i**i),  lunl  Hivordiiig  t4t 
whi*th(fr  ttu-  pumping  is  from  wolls  or  froui  stivams  ur  oiiialR 

COST   t»r   I NKTA ILLATION    AND   OPKHATloN. 

S/tr'f'ifir  ('4*ampli\ — -The  IIiiMg  wliiHi  ui  (Ins  tiinc  is  nf  tlu^  nltiirtsr 
ittjpnrtiince  to  tht*  Sc^rvia*  is  tht*  |>r(*l>al>Ie  t-ost  of  surli  iiistMlhitioiiH, 
Kstiiiiatos  t\w  h\'\\%ii  woi'I^ihI  up  on  sttvrnil  pn>jo<'ls,  from  whidi  (ht- 
Iiiips  soiiK*  idea  ntn  Im'  ^allu^ivd.  In  one  4"iis*%  \vtH*n^  powrn-  is  tieriviHt 
frrmi  vvn(i*r  already  stunnl  for  a  tmiial  syst(?ni,  an<{  wlipn?  only  surb 
liydniulic  i^cmstnu'ti*^n  as  wator  tnairis  for  delivt*nn^  ihv  watiT  lo  thf 
wai^T  wheels  is  ehar^ird,  the  ntst  works  out  x\hm\X  $!^5  an  ai^n**  Tho 
IrHnsjnissitjn  in  tliis  eas**  is  alnKit  Tr*  rnik^s^  t^overin^^  an  extemknl  an^a: 
the  avera^*  lift  tni  tin-  |>iini[jin,!^  phi i its  is  alMJiil  50  fH»t,  iisiii^  t^iujlnf- 
ligal  pNnij)s  directly  ronijeeled  to  mcifors;  and  the  pnmps  are  to  U* 
nni  not  more  tlmn  2iH)  days  a  year  and  tti  ht*  g^iven  a  rest  during  sarli 
jwrtods  as  tlien*  is  rain  or  an  nnnsnal  supply  of  water  due  to  rW  of 
the  natural  stn^nnis  supph*lng  the  gravity  systctn* 

Tfie  eost  of  operation  of  n  plant  of  this  eljaraetor,  thif?  one  \mx\g 
laid  out  foi"  40,OtM>  aeivs,  will  iipprnximate  alKnit  It)  c4?nt«  an  am*- 
foot,  aUowing  for  liepreeiation,  sjilaries.  wages,  and  repairs;  but  if 
a  portiiUi  *tf  Iht*  ran*  wi  tln>  system  ean  \^}  merged  under  I  he  uuiie 
agement  of  the  operation  of  the  gravity  eanali^  i\\m  can  \m  somewhat 
reduced. 

In  another  case,  where  the  transmission  is  short  and  the  pumping 
units  are  hirge,  and  no  step-up  transformers  nor  step-down  trars- 
fornuTs  are  required,  the  cost  amounts  to  about  $10  an  acre,  and  the 
oj)eiation  to  al)out  25  cents  per  acre- foot.  The  distance  here  is 
within  15  miles  and  the  power  derived  is  an  incident  of  the  con- 
struction of  a  diversion  dam  for  a  gravity  system.  These  two  cases 
illustrate  what  may  be  done  along  these  particular  lines. 

In  general,  if  a  power  plant  is  to  be  constructed  solely  and  purely 
for  the  operation  of  such  a  system,  the  hydraulic  work  connected 
with  it  nuist  not  be  the  greater  feature  of  the  cost,  for  the  electrical 
and  mechanical  appliances  have  i)ractically  a  fixed  cost  for  a  given 
amount  of  power.  The  varying  costs  are  the  cost  of  hydraulic 
development  and  the  cost  of  the  traiksmission  line  controlled  by  its 
length.  It  can  be  very  readily  seen  also  that  the  lift  on  the  pumps 
cuts  a  very  large  figure  in  all  such  cases. 

A  problem  similar  to  the  long-distance  transmission  above  has 
l^HMi  worked  out  very  well  in  Water-Supply  Paper  No.  58,  relating  to 
the  land  around  Fresno,  and  is  very  similar  in  cost  of  installation  and 
operation  to  the  one  above  mentioned.  As  a  rule,  if  a  high  head  can 
be  obtained  without  too  great  an  expenditure  for  a  canal  line  (by  high 
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--head  is  meant  heads  alwve  500  fex»t),  the  cost  of  the  hydraulic  work 

^    does  not  lx»conie,  as  a  rule,  excessive. 

^        It  can  also  be  shown  that  in  a  project  where  land  is  lying  reason- 

..  ably  level  and  the  water  plane  is  within  2  or  8  feet  of  the  surfac^i 
and  is  renewed  by  floods  every  year,  and  where  coal  or  its  equivalent 
has  an  average  value  not  to  exceed  $2  a  ton,  a  steam  plant  can  be 
installed,  power  transmitted  10  miles  either  way,  and  by  pumping 
from  wells  irrigate  as  much  as  40,000  acres  from  one  plant  at  an 
installation  cost  of  about  $25  per  acre  and  an  operation  cost  not  to 
exceed  $2  per  acre  per  annum,  with  a  water  duty  of  aliout  3  feet. 
The  above  is  based  on  a  lift  on  the  pumps  not  to  exceed  80  feet. 

CHARACTER   OF   POWER. 

Steam  furhines, — There  are  some  localities  in  which  cheap  fuel  can 
l>e  obtained  where  water  can  be  advantageously  lifted  from  streams  or 
canals  to  heads  not  exceeding  100  feet  by  direct-ccmnected  aj)paratus, 
using  steam  power.  For  this  purpose  the  steam  turbine,  directly  con- 
nected to  a  centrifugal  pump,  offers  many  advantag(»s,  esjx^cially  if 
the  water  to  be  used  in  the  lx)ilers  carries  much  mineral  water,  for 
with  the  turbine  it  can  all  be  returned  and  reduce  the  cost  of  cleaning 
and  repairs  of  boilers. 

In  some  localities  where  fuel  is  extremely  cheap  and  the  irrigation 
season  short,  economy  would  indicate  that  the  construction  of  a 
cheaper  class  of  plant  would  Ije  best,  if  other  conditions,  such  as 
head,  etc.,  Avould  permit,  but  as  a  rule  the  sc»rious  questi(m  of  the 
price  of  fuel  through  long  terms  of  years,  beyond  the  time  of  those 
who  are  planning  the  construction  of  these  plants,  would  cause  us  to 
l)e  very  careful  whether  or  not  we  build  ])umping  j)lants  to  be  oper- 
ated by  steam  or  by  any  power  re(|uiring  fuel. 

Gas  engincH, — The  gas  engine  is  claiming  our  consideration  in  large 
units  to  no  small  degree,  but  in  tliis  country  it  has  not  been  in  o])era- 
tion  sufficiently  long  to  warrant  extensive  recommendations  for  its 
use,  unless  si^veral  of  the  controlling  conditions  are  extremely  favor- 
able. 

There  are  now  under  contract  in  this  country  for  driving  electric 
generators  sonu*  large  gas-engine  units,  having  a  eaj)acity  of  5,000 
liorsej)ower  in  a  single  unit.  From  \\w  operation  of  these  no  doubt 
sufficient  data  as  to  the  reliability  and  economy  and  the  othcT  costs 
which  enter  into  successful  opc^'ution  may  be  obtained  which  will 
warrant  their  use  for  this  class  of  work. 

The  small  gas  engine  in  its  many  forms  and  types  is  undoubtedly 
one  of  the  best  means  of  obtaining  power  in  units  uj)  to  as  high  as  80 
horsepower  for  irrigation  work  for  the  individual  farmer.  In  all 
cases  where  the  power  for  j)umping  water  for  irrigation   is  to  be 
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derived  from  the  consumption  of  fuel,  used  in  any  form  of  heat 
engine,  the  nature  of  the  crops  and  the  vahie  of  the  crop  per  acre 
per  annum  will  have  a  great  deal  to  do  with  the  solving  of  the  ques- 
tion of  whether  they  wnll  he  used  at  all  or  not.  But  there  are  some 
cases  where  the  lift  is  very  light  and  the  water  supply  plentiful, 
where  undoubtedly  they  could  be  applied  to  crops  of  a  moderate  valw. 
Water  tiirhines. — ^Another  point  where  we  should  look  for  the 
practical  use  of  pumping  plants  is  in  connection  with  canals  acro»> 
some  sections  of  the  country.  In  building  these  it  is  often  necessan' 
to  overcome  a  rapid  grade  by  a  sudden  drop.  In  numerous  cases  of 
that  kind  there  lies,  immediately  above  the  canal,  land  in  relatively 
small  areas  which  could  be  reached  by  water  elevated  to  their  level 
by  pumping  plants.  In  such  cases  a  simple  water  wheel  of  the  var- 
tical-shaft  turbine  type,  direct-connected  to  centrifugal  pump  mounted 
on  the  same  housing,  submerged  in  the  stream,  the  water  dropping 
through  the  turbine  wheel,  furnishes  the  power  to  raise  a  portion 
of  the  water  to  the  high  level.  In  all  cases  where  it  is  desired  to  con- 
nect the  pump  and  the  turbine  water  wheel  together  there  should  be 
a  fall  in  the  canal  equal  to  at  lea,st  one-quarter  of  the  head  against 
which  the  water  would  be  lifted. 

RUB^riSSION   TO  SPECIAL   ENGINEERS. 

AVherever  a  power  project  is  contemplated  it  would  be  well  that 
the  project  engineers,  as  soon  as  they  are  satisfied  there  is  sufficient 
power  and  sufficient  land  to  he  IxMiefited  thereby  to  make  a  i)ower 
plant  seem  feasible,  should  put  the  problem  up  to  those  engineers  who 
will  eventually  heoonie  resj)onsil)le  for  the  design  of  the  ix)wer  plant. 

The  nature  of  the  data  reijuired  will  1h\  first,  a  diagram  of  stream 
flows  throughout  the  year,  expressing  the  flow^  in  stK*ond-fei*t ;  also  a 
(lin<rrani  of  gap*  heights,  giving  the  elevation  to  which  the  water  is 
to  I)o  lifted,  and  the  aujounts  of  water  to  be  pumped  each  month 
(luring  the  year,  showing  it  by  maximums  for  the  month.  These  data 
apply  to  cases  where  the  pmnp  is  direct -connected  to  the  water 
wheel.  The  other  ])rol)Ienis  are  nnich  more  complex,  and  it  is  well 
foi-  the  engineers  interested  to  have  a  confercMice  and  go  over  the 
work  togeth(T  nt  as  early  a  date  as  possible. 

There  have  been  within  the  past  two  years  centrifugal  punii>s 
designed  and  placed  in  ojx'ration,  working  against  heads  as  high  as 
Too  feet,  and  tli(4*(»  may  be  localiti(»s  when*  it  will  1h»  practical  to  raise 
the  water  for  irrigation  in  large  quantities  as  high  as  800  or  400  feet 
by  units  direct -connected  to  water  wheels.  This  tyi)e  of  pump  has 
an  efliciency  very  nnich  higher  than  the  low-lift  pumps. 

Tt  is  desirable  in  all  castas  wliere  power  is  to  b(»  us(h1  for  pumping 
water  that  the  enginwrs  w4u)  are  responsible  for  the  power  develop- 
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ment  should  be  consulted  as  early  in  the  investigations  as  is  practical, 
and  that  the  responsibility  should  l>e  placed  on  them  for  furnishing 
ihe  estimates  and  pn>liminary  phms.  Confusion  is  quite  likely  to 
arise  should  several  engineers  Ih»  working  on  the  same  problem,  and 
the  l^est  results  are  likely  to  lx»  obtained  where  some  individual  engi- 
neer is  responsible  for  presenting  to  the  chief  engineer  the  estimates 
which  refer  to  his  particular  class  of  work. 

WITHDRAWAL  OF  I  NDFA  EIX)PED  W\\TER  POWERS. 

On  some  projects  which  require  the  diversion  and  storage  of  water 
for  irrigation  purposes  difficulties  arise  in  dealing  with  private  inter- 
ests, owing  to  the  presence  of  water-power  plants  claiming  prior 
rights  to  the  natural  flow  of  the  streams  froui  which  the  water  for 
irrigation  purposes  must  l)e  taken.  Water-power  plants  designed  to 
supply  commercial  uses  require,  as  a  rule,  a  nearly  uniform  stream 
flow  throughout  the  year,  whereas  irrigation  systems  re<|uire  the 
largest  flow  during  the  irrigation  season,  and,  where  possible,  com- 
plete storage  of  the  water  during  the  remainder  of  the  year.  For 
this  reason  the  presence  of  a  water-power  plant  on  a  stream  whose 
waters  are  desired  for  storage  in  order  to  Ix^  used  for  irrigation 
f)urposes  would  necessitate  permitting  a  certain  amoiuit  of  water  to 
pass  the  storage  reservoir  in  onler  to  supply  the  water-jx)wer  plant, 
thus  depriving  the  irrigation  system  of  that  amount. 

To  avoid  complications  of  the  kind  above  described  it  is  suggested 
that  control  of  all  necessary  water  j)owers  be  secured  as  early  as  pos- 
sible by  withdrawing,  under  the  first  form,  such  lands  along  the 
streams  as  will  control  the  situation  so  far  as  power  development  is 
concerned.  It  will  be  much  better  for  the  (}overnnient  to  release 
to  private  parties  thosi*  water  j)()wers  which  it  is  not  prej)ared  to 
utilize  itself  than  to  leave  them  oj)en  to  be  filed  on  for  speculative 
purposes.  When  the  (lOvernuKMit  finds  it  necessary  to  release  to 
private  parties  a  water  power  which  has  been  withdrawn,  it  will  In* 
an  advantage  to  be  able  to  make  this  release  under  certain  conditions 
as  to  the  use  of  the  water-power  privilege,  res^TX  ing  the  right  to 
control  the  natural  flow  of  the  stream  to  such  extent  as  may  be  neces- 
sary to  serve  the  needs  of  irrigation.  It  nuiy  sometimes  hapj)en  that 
the  prescMice  of  an  irrigation  storage  reservoir  on  a  stream  will  greatly 
improve  the  stream  flow  for  power  purposes  for  conniK'rcial  plants 
situated  lielow  the  n'servoir,  in  which  cas(»  th(»  power  comi)any  should 
pay  a  part  of  the  expenses  of  the  storage  works  by  which  they  are 
Ix^nefited. 

There  are  other  reasons  why  the  Keclamation  Service  should  secure 
control  over  the  necessary  water  powers  in  the  arid  regions.  For 
instance,  any  undeveloiH'd  water  existing  within,  say,  100  miles  of  an 
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area  of  land  might  at  some  later  period  be  found  useful  for  supplyiog 
water  by  electric  transmission  for  pumping  irrigation  water  for  this 
land.  No  definite  limit  can  Ik*,  stated  for  which  power  can  be  econom- 
ically transmitted,  since  this  is  entirely  a  matter  of  the  relative  ex- 
pense of  producing  and  transmitting  tlie  power  and  the  value  of  the 
same  when  applied  to  beneficial  uses.  The  land  on  which  it  is  pro- 
posed to  use  the  power  need  not  be  definitely  specified  when  the  with- 
drawal is  requested,  but  any  area  that  may  sometime  be  reclaimed  will 
serve  as  the  reason  for  requesting  withdrawal. 

^Another  consideration  which  should  not  be  lost  sight  of  is  that 
some  of  these  water-power  possibilities  may  be  found  valuable  in  pro- 
viding power  for  construction  work  on  some  reclamation  projects 
that  will  be  undertaken  later  on  in  this  section  of  the  country. 

TEMPORARY  POWER  PI-ANTS  FOR  CX>N8TRlTCTION   WORK. 

The  construction  of  large  structures,  such  as  dams  and  canals, 
demands  the  use  of  large  amounts  of  power,  involving  the  consump- 
tion of  much  fuel,  the  cost  of  which  is  often  high  on  account  of  the 
inaccessibility  of  the  work.  This  power  could  often  be  furnished  by 
installing  temporary  hydraulic  or  steam  plants,  where  water  power  or 
fuel  could  be  cheaply  secured,  and  transmitting  electric  power  for  use 
in  the  work.  Hydraulic  power  may  sometimes  he  cheaply  developed 
in  connection  with  the  divei'sibn  of  the  stream  to  i>eniut  the  building 
of  a  proi)osed  dam,  or  at  some  i>oint  on  a  canal  above  the  point  where 
tho  storage  dam  is  to  Ijc  constructtMl,  or  on  any  stream  within  a  radius 
of  a  few  miles  of  the  proposed  construetioii  work.  A  steam-generating 
plant  may  sometimes  be  warranted  to  sav<»  hanla<re  of  fuel  over  rough 
mountain  roads,  the  plant  l)einir  placed  at  a  convenient  delivery  point 
on  a  i-ailroad  or  at  a  coal  mine.  AVh(»n  tlu*  construction  work  is  fin- 
ished the  plant  can  often  be  sold  at  nearly  full  valuaticm  for  com- 
mercial ns^»s  if  the  (iroverinnent  has  no  further  use  for  it.  If  the 
transmission  line  can  no  longer  \h}  of  ns(»  in  |)lace,  the  wire  can  1k»  sohl 
or  shippe<l  to  other  projects  and  the  ])<)le  line  will  usually  l)e  found 
useful  for  telephone  purpos(\s. 

To  nH»et  the  objection  that  the  (iovernnient  can  not  well  arrange  to 
put  in  these  temporary  power  j)lants,  since  the*  actual  construction 
work  on  the  large  dams,  tunnels,  etc.,  will  In*  done  almost  entiivly  hv 
contract,  it  is  suggested:  (1)  That  the  temporary  plant,  after  Inking 
erected  by  the  (iovernnuMit,  might  be  turned  over  to  the  contractoi"s 
for  oiH»rati(m  under  the  supervision  of  the  (Miginwr  in  charge  and 
under  the  agreement  to  maintain  the  plant  in  satisfactory  working 
condition  to  the  completion  of  the  work.  (2)  That  the  (lovernment 
retain  control  and  oj)erate  the  power  plant,  supplying  power  to  the 
contractors  at  a  reasonable  rate. 
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If  this  matter  were  carefully  considered  and  decided  on  before  the 
bids  were  called  for,  all  the  prospective  bidders  could  be  informed 
that  the  Government  proposed  to  install  the  power  plant,  thus  reliev- 
iufiT  all  bidders  of  the  necessity  of  determining  the  cost  of  producing 
the  power  necessary  for  construction  work,  which  is  always  an  impor- 
tant and  very  uncertain  item  in  these  estimates.  Then  all  bidders 
could  give  due  weight  to  the  advantage  they  would  derive  from  hav- 
ing power  supplied  to  them  from  a  power  plant  constructed  by  the 
(Jovernment. 

In  view  of  the  above,  the  committee  recommends  thjit  the  possi- 
bility of  furnishing  electric  power  for  the  construction  of  large  w^orks 
from  temporary  steam  or  hyilraulic  plants  erected  by  the  Government 
Ik*  fully  considered  by  the  engineers  of  the  Service  prior  to  drawing 
specifications  and  letting  contracts  for  these  large  structures. 

CFIAR(JES   FOR    PUMPED    WATER. 

On  pumping  projects  it  seems  reasonable  that  the  w^ater  user  should 
])ay  for  his  irrigating  water  on  the  basis  of  the  amount  of  water 
actually  delivered  to  him.  This  is  unquestionably  the  proper  methcxl 
io  follow^  on  thos(»  projects  where  oil,  coal,  or  other  fuel  furnishes  the 
power  for  pumping,  since  in. such  cases  the  operating  expenses  depend 
so  largely  upon  the  (luantity  of  water  pumped.  Hence  it  is  proposed 
that  the  articles  of  incorporation  for  w^ater  users'  associations,  in 
projects  where  pumping  is  to  \w  done  by  the  use  of  fuel  of  some  sort, 
include  a  provision  that  tlie  annual  charge  for  the  cost  of  maintenance 
of  the  works  Ix*  the  same  for  each  share,  but  that  the  charge  for  cost 
of  oj)eration  l>e  pn)j)()rti()nal  to  the  quantity  Of  water  actually  deliv- 
ered to  each  shareholder. 

Under  this  provision  a  minimum  annual  payment  per  share  will 
l)e  made,  which  will  cover  the  fixed  charges  and  upkeep  of  the  plant. 
In  addition  to  this,  each  water  user  will  pay  annually  for  water  in 
j)roj)ortion  to  the  (piantity  actually  used  by  him,  a  price  per  acre- 
foot  l)eing  determined  by  dividing  the  total  operating  exj)ens(»  of 
the  entire  system  by  the  total  acre-feet  of  water  delivered  to  all  con- 
sumers. 

One  of  the  strongest  arguments  in  favor  of  this  plan  is  that  it 
tends  to  foster  economy  in  the  use  of  water.  Another  is  that  the 
annmd  payments  can  be  adjusted  from  year  to  year  to  corresjMHid 
with  the  varying  (juantity  usimI,  depending  upon  whether  the  season 
is  wet  or  dry. 

On  pumping  projects  depending  upon  water  power,  the  operating 
expenses  w^ill  not  vary  with  the  quantity  pumped  to  so  great  an 
E*xtent  as  on  proje(*ts  involving  the  use  of  fuel  for  pumping.  Rut  in 
such  cases  it  is  a  <|uestion  whether  a  mininunn  annual  charge  for 
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maintenance  and  operation  should  not  bo  made  on  the  basis  of  the 
least  quantity  of  water  that  would  under  any  circumstances  be  suffi- 
cient to  irrigate  the  farm  unit,  and  permit  additional  water  to  be 
purchased  by  individual  users  at  a  certain  price  per  acre-foot  This 
price  per  acre-foot  would  be  figured  on  the  actual  cost  of  delivery, 
and  might  be  different  for  different  parts  of  the  irrigating  season. 
On  some  projects  where  water  power  is  utilized  for  pumping,  the 
power  is  available  throughout  the  year,  but  the  machinery  would 
usually  be  idle  except  during  the  irrigating  season.  The  system 
might,  however,  be  operated  an  additional  month  or  two  at  merel} 
nominal  expense,  and  where  the  water  and  power  are  available  and 
would  otherwise  go  to  waste  it  would  seem  desirable  to  make  a  very 
low  price  for  water  delivered  outside  the  regular  irrigation  season 
in  order  that  the  plant  and  the  water  might  be  utilized  to  the  greatest 
possible  extent.  Water  so  applied  to  land  intended  for  certain  crops, 
such  as  alfalfa  and  grain,  might  greatly  lessen  the  amount  of  water 
required  during  the  irrigating  season  and  thus  increase  the  acreage 
which  the  pumping  plant  could  serve. 

POWER  DEVELOPMENT  AT  DROPS   IN    MAIN   CANAU9L 

On  the  main  canals  of  many  projects  the  topography  of  the  coun- 
try requires  an  abrupt  drop  in  grade  which  affords  an  opportunity 
for  the  development  of  power.  It  seems  certain  that  this  amount 
of  ])ower  will  not  l)e  allowed  to  go  to  waste  indefinitely,  and  in  most 
<!ases  will  be  developed  in  the  coursi^  of  a  conipanitively  few  years. 
For  this  reason  it  would  si^em  a<lvisal)l<»  in  most  cases  to  prepare 
for  the  erection  of  the  future  power  houses  when  the  canal  is  beinjr 
constructed,  by  extending  the  concrete  work,  which  will  usually  be 
required  to  provide  a  safe  drop  for  the  water  from  the  higher  to  the 
lower  level,  an<l  by  const ructin;[^  the  taih*ace  and  foundations  for  the 
j)ower  house.  This  additional  work  can  1m»  done  at  less  cost,  and  with 
less  danger  of  unequal  s(Htlenient,  if  done  at  the  start;  otherwise, 
if  the  tailrace  and  foundations  for  the  power  plant  are  built  after 
the  canal  has  been  in  ust»  for  several  years,  it  will  be  necessary  to 
excavate  for  the  new  works  in  satnrate<l  ground,  possibly  endanger- 
in*!:  the  whole  structure,  and  with  some  difliculty  in  securing  a  per- 
fect bond  l)etw(»<»n  the  new  work  an<l  the  old.  Moreover,  this  work 
would  have  to  l)e  done  between  two  irripiting  seasons,  which  wouhl 
fre(|nently  niak(»  it  necessary  to  do  the  workjnore  rapidly  than  was 
consistent  with  economy,  and  in  some  locations  would  necessitate 
laying  concrete  in  freezing  weather. 

nuTV  OF  wa'ik:?. 

Estimates  of  probable  <'osts  of  power  and  pumping  plants  neces- 
sitate a  knowledge  of  the  several  factors  peculiar  to  each  project — 
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for  instance,  of  the  duty  of  water,  of  materials  for  construction  which 
can  Ik?  secured  locally,  of  the  character  of  the  water  to  Ik*  pumped, 
and  of  the  ground  on  which  the  power  and  pumping  j)lants  are  to  be 
built. 

In  regard  to  the  duty  of  water,  for  instance,  the  essential  factor  in 
determining  the  necessary  capacity  of  the  power  and  pumping  plants 
is  the  maximum  demand  for  water  w^hich  wjU  occur  during  the  irri- 
gating season.  Since  the  use  of  water  for  irrigation  will  be  prt»- 
scribed  by  regulations,  it  is  safe  to  assume  that  the  maximum  demand 
will  not  be  confined  to  a  single  day,  but  will  cover  at  least  a  week  or 
ten  days.  It  is  suggeste<l  that  the  greatest  quantity  of  water  to  be 
used  during  any  ten  days  of  the  irrigation  season  be  taken  as  a  maxi- 
mum by  the  engineers  in  determining  the  capacity  of  the  pumping 
stations. 

Whenever  it  is  possible  to  provide  storage  for  pumped  water,  the 
size  of  the  plant  may  be  materially  affected  by  that  fact,  since  the 
storage  reservoir,  even  if  comparatively  small,  might  serve  as  an 
equalizer  and  enable  the  system  to  supply  during  a  period  of  one  or 
two  w(>eks  a  much  larger  quantity  of  water  than  the  pmnping  plants 
alone  would  be  able  to  deliver  in  the  same  length  of  time. 

RKPORT  OF.COMMITTKE  ON  RKCONNAI88ANCK  AND 

8URVKY8. 

Reconnaiamnce, — As  the  development  of  projects  has  progress4?d 
the  inijx^rative  necessity  for  thorough  reconnaissaiH'e  and  investiga- 
tion, conducted  along  parallel  lines  as  to  time  of  initiation  and 
progress,  for  every  feature  of  the  work,  is  increasingly  manifest, 
primarily  to  develo])  the  controlling  factors  of  a  projed  and  also 
their  relative  and  time  imj)ortance  for  determination. 

In  addition  to  the  gen(»ral  and  detaihul  engineering  and  hydro- 
graphic  investigations  and  surveys,  many  other  ini|)ortant  matters — 
some  of  them  {KKSsibiy  controlling — should  re<:eive  careful  considera- 
tion early  in  the  investigation  of  a  projert. 

It  is  imperative  that  all  branches  of  the  inv(»stigation  1h»  carried 
out  in  a  thorough  mamuT  and  ev(»rv  featnn*  |)ossil)h»  to  anticipate  l)e 
given  consideration.  Investigations  of  existing  records,  filings,  and 
statistics,  and  of  available  data  of  any  and  every  kind  shouhl  Ix* 
given  si>ecial  attention  before  initiating  field  surveys. 

It  is  recogiiize<l  that  tin*  preliminary  (Migineering  fi(»ld  invest iga- 
ticms  should  Ik»  carried  on  l)v  men  who  by  natural  ability,  training, 
and  exiK^rience  have  demonstrate<l  efficiency  in  this  line  of  work. 
Detailed  instructions  should  Im»  given  them,  setting  forth  the  con- 
trolling conditions  of  the  reclamation  law  and  other  |>oints  govern- 
ing the  development  of  each  project  to  which  they  an»  assigned. 
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Careful  consideration  should  be  given  to  the  general  project  as  a 
business  investment  for  the  capital  to  be  involved. 

Irrigable  hinds, — If  the  area  of  unpatented  lands  is  nearly  suffi- 
cient to  require  the  available  supply  of  water,  or  if  a  majority  of 
all  the  available  land  is  unpatented,  the  situation  is  much  simplified. 

In  many  cases  a  choice  of  lands  to  be  irrigated  is  possible.  For 
example,  lands  suitable  {or  market  gardening  located  near  cities  and 
towns  have  a  much  greater  value  when  irrigated  than  lands  located 
at  considerable  distance  from  market,  and  it  is  necessary  to  decide 
whether  water  supply  shall  be  developed  for  lands  of  comparative!? 
low  productive  ability  located  tributary  to  and  near  to  the  source  of 
development,  or  shall  be  conducted  for  long  distances  to  lands  which 
can  apparently  afford  to  pay  a  large  price  for  water  supply. 

Railway  lands. — In  the  case  of  railway-grant  land  it  is  reasonable 
to  expect  that  in  order  to  secure  the  development  and  settlement  of 
the  lands  tributary  to  their  lines,  with  the  consequent  freight  and 
passenger  traffic,  the  various  railway  companies  will  cooperate  to<the 
extant  of  subdividing  the  lands  and  offering  them  for  sale  under  soeh 
terms  and  at  such  prices  as  may  profierly  l)e  required  in  accordance 
with  the  reclamation  act 

In  consideration  of  the  large  and  perp)etual  revenue  accruing  to 
the  transportation  companies  from  the  irrigation  development,  it 
is  expected  that  a  very  low  selling  price  i>er  acre  will  be  arranged. 
It  is  neces.sarv,  however,  to  have  a  definite  agreement  drawn  up  and 
j)n)|)orly  executed  with  the  railway  coinj>aiiies.  The  attitude  of  the 
Reclaiuation  Service  toward  railroads  is  a  matter  for  cai'eful  consid- 
eration, especially  where  it  may  Ih^  n<H'essarv  to  frequently  cross  a 
main  trunk  line  with  a  main  distributing  canal.  The  l)enefits  accru- 
ing, to  the  railroad  in  most  cases  will  be  very  lari>:e,  j)robably  $3  or 
more  per  acre  in  annual  freight  revenue  alone,  without  considering 
the  additional  large  passenger  traffic,  which  may  amount  to  nearly 
as  much  more;  and  while  it  s(»ems  that  they  may  l>e  expected  to 
coo])erat(^  consistently,  it  is  necessary  that  the  Service  should  have 
a  consistent  and  uniform  basis  for  dealing  with  them. 

Prinrfc  /(^/////.sr..— Where  ])rivate  lands,  located  tributary  to  the  pro- 
pos(Ml  irrigation-supply  devel()j)nient,  are  hehl  in  large  tracts  for 
investment  or  otherwise,  the  owners  should  Ik*  expect e<l  and  ivquinnl 
to  (Miter  into  agreement  and  contract  guarantecMUg  to  dispose  of  their 
holdings  over  MM)  acres,  in  compliance  with  the  reclamation  act,  prior 
to  the  time  when  water  is  to  be  furnished  from  the  irrigation  works. 

liuniKjH, — Diamond  drill  or  other  borings  should  be  made  where 
re({uired  at  a  timely  perio<l  in  the  inv(»stigation  of  a  j)roject. 

Watrr  users'  assortafiot}, — Where  any  consi(l(»ral)le  portion  of  the 
irrigable  lands  under  consideration  is  in  the  hands  of  settlers,  the  atti- 
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r.  tude  of  these  owners  should  be  definitely  determined  before  under- 
taking expensive  surveys. 

Careful  attention  should  be  given  at  the  proper  time  to  the  organi- 
;   zation  of  a  water  users'  association.     Cordial  cooperation  and  every 
•  assistance  should  l>e  given  by  the  Reclamation  Service,  but  undue 
-  effort  to  promote  or  hasten  such  an  organization  is  not  advisable. 
Rir/hts  of  way, — Investigations  of  all  records  should  be  made  at 
an  early  time  to  determine  the  existence  of  rights  of  way  for  railways, 
and  also  to  determine  ownership  of  lands  recpiired  for  reservoir  pur- 
poses, whenever  preliminary  surveys  have,  determined  the  necessity 
for  and  location  of  desirable  storage  sites.     The  acquisition  of  right- 
of-way  and  flowage  rights  where  reservoir  sites  have  to  be  obtained 
is  one  of  considerable  importance. 

Water  rights, — Investigations  should,  of  course,  be  made  to  deter- 
mine the  existing  water  rights.  The  laws  already  enacted  and  in 
operation  in  some  vStates  provide  for  the  determination  and  adjudi- 
cation of  water  rights.  It  is  expected  that  other  States  will  soon 
enact  laws  for  the  same  purpose. 

Before  a  project  can  safely  be  put  under  construction,  or  even  be 
finally  declared  feasible,  it  is  necessary  that  a  complete  study  of  all 
water  rights  from  the  contemplated  source  of  water  supply  be  made, 
and  that  an  adjudication  of  such  rights  be  assured. 

It  has  been  the  policy  of  the  Ileclamation  Service  not  to  acquire 
title  to  the  water  rights  held  and  used  by  the  private  landowners 
previous  to  their  subscribing  their  lands  and  taking  irrigation  water 
supply  under  a  rechimation  project,  but  to  take  over  only  such  por- 
tions of  existing  distribution  systems  as  can  l)e  utilized  to  advantage 
in  connection  witli  the  more  comj)rehensive  project  works,  awarding 
the  owners  a  fair  j)rice  based  on  actual  cost  to  reconstruct  the  ditches 
or  portion  of  ditches  so  taken.  All  the  existing  j)rivate  water  rights 
are  left  intact,  with  title  remaining  permanently  vested  in  the  present 
holders  to  revive  automatically  and  be  of  full  force  and  effect  in  the 
basis  of  the  adjudication  previously  made,  in  case  circumstances 
should  ever  develop  re<juiring  their  identification  and  use  the  same 
as  Ix^fore  reclamation  project. 

REPORT  OF  COMMII TEK   ON   STAN1>ARI>   IMjANS  AND 
8PEC'IllCATION8. 

STANDARD    PLANS. 

The  general  opinion  of  the  engineers  assembled  at  the  first  con- 
ference with  this  committee  was  that  |)lans  of  some  of  the  smaller 
structures  might  be  standardized.  For  the  present,  however,  it  is 
reconmiended  that  no  effort  be  made  to  standardize  the  ])lans  for 
the  larger  and  more   important  structures.     The  territory  covered 
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hy  Ihc  i'(*t*hiuiii(  idii  vn^rkn  extends  ovi*r  rric»n*  Uuiti  20  il^gn^^^  *i(i 
lon^itiide^  juul  fmrii  tin*  Oniadiaii  to  tlH>  Mexican  iKnimlary.  In 
tliihi  n*^ri<>ii  II  ^n»3it  <livi't*sitv  of  soil  luui  cliitisilt*  is  fotiiKl,  tlie  elrva- 
tioiiH  Viiryiiig  from  20ii  foot  Imluw  to  (^(H)0  dr  7*000  ffH>t  nlnwe  !h« 
lov(*I  (if  ihv  m^n,  E\Try  struct  are  has  n  jnirjjrjsf*  to  fulfiiK  and  i^ 
desij^ii  imist  \w  iTinuoucpd  more  or  less  by  IrM^al  etiuditinns.  T\w 
nJiutuit  wliirli  \%miM  juiswer  ihc  (^oudilinrus  in  Arizona  niiglit  Wa 
total  faihin^  in  Montana*  The  dam  which  would  ?iUct*eesfuUy  h«M 
Imt'k  tlu*  WHrm  wiH(*rs  c^f  tlic  Coionitit*  mi^^ht  In.;  c^^irried  off  by  ice 
(Im's  in  Uk*  cold  waters  <>f  tlio  M[>[)cr  Missouri,  A  |jrcat  <Iciil  inunt 
1h*  Irf*  l<i  the  jiidpincnt  of  ilu*  cii^jnt*<*r  dcsii^^ning  the  wurks.  and  it 
may  In*  noted  that  there  i^  a  vast  difference  in  men's  ideas.  Two 
cngiiHH»rs  ini^jlit  design  entirely  dirtereiil  stnicturcN  for  the  surrie^ 
purpose,  and  they  might  both  answer  tliat  pur|>f>?5«.s  or  they  mi^ 
tK>lh  Ih^  failures,  Kn^dneer^^  njust  Im}  g\vi*n  great  latitude  in  (h*si| 
ing  of  slrurhHTN  as  lon^  as  wrll-nvognizcd  stneiitific  principle.s  ar 
ol>served.  No  two  leaves  on  any  tree  or  on  any  niunljer  of  tresis  an 
exactly  alike;  no  iwn  dam  sites,  no  two  bridge  sil<is,  and  no  tw 
tiead works  sites  are  exactly  alike. 

Any  teudtHicy  to  standardize  tJie  work  of  the  engineer  must  resiill 
in  restricting  impri^vements,  which  are  hirgiOy  a  matter  uf  growth, 
bawnl  \i\Hm  trial  a  nil  perforinant*e  ia  actual  practice*  Nothing  l^ 
nuule  perfect  at  first.  The  standardizing  of  our  plans  must  tie  if 
jimtter  of  growtlu  Many  of  the  structures  which  wr  tliink  are  alKajl 
|><»rrer1  oil  paper  may  upon  trial  develop  weakness  whi<*li  nujst  h^ 
provided  against  in  future.  We  therefore  recommend  that  a  begin- 
ning be  made  on  the  standardization  of  the  smaller  structures  bv 
selecting  from  the  drawings  of  the  different  project  engineers  now 
in  the  AVashington  office  such  as  ajjpear  most  suitable  for  types,  and 
that  one  of  the  assistant  engineers  now  in  the  Washington  office  l)e 
given  charge  of  the  work.  His  duty  will  be  to  examine  and  compare 
all  the  drawings  now  in  the  office  bearing  on  each  structure  and 
design  a  type  of  this  structure  which  can  be  easily  modified  to  suit 
a  particular  locality. 

STANDARD  SPECIFICATIONS. 

In  the  matter  of  specifications  it  is  recommended  that  the  present 
''  general  conditions ''  be  modified  so  that  they  will  suit  the  following 
three  contracts: 

Contracts  for  construction  woi-k,  including  canals  and  all  the  nec- 
essary structures  mentioned  in  the  schedule  (Form  9-294). 

Contracts  for  machinery  and  installation  (Form  9-294A).  This 
form  would  apply  to  all  kinds  of  machinery  and  manufactured  ap- 
pliances needing  special  mechanics  for  installing. 
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Contracts  for  furnisliiii^  materials  only  (Form  D-294B). 
The  three  amended  forms  follow. 

SPEi'IFICATlONS   FOR   CONSTKUCTION    (FORM  S)-i:94). 
INSTRl'CTIONS    TO   BIDDERS. 

1.  Form  of  proponal  ami  sifjnatiirc. — The  i»r(»|K)Sjil  iiiiist  lie  made  on  the  form 
I>rovid(Hl  for  thnt  punM>»<e,  iiH-Iose<l  hi  a  s«»ahMl  eiiveh>|K»,  and  niarkwl  and 
addressed  as  re<iuirei1  ni  the  notice  to  hidders.  It  nnist  state  hi  writhi^c  and  hi 
fl^Tures  the  unit  pri(t»s  and  the  sum  of  money  for  \vhl<*h  the  l»i(hU»r  pro|)oses  to 
supply  the  materials  and  iKM-forni  the  work  eahtMl  for  in  tlie  pro|H>sal  and 
Kr*he<lnles.  If  the  tad  is  made  l)y  an  in<livi(hial  it  must  Ih»  si>;iMMl  with  the  full 
name  of  the  ladder,  whose  address  must  he  ffiven :  if  it  Is  made  hy  a  tirm  It 
should  l3e  sl>;ned  with  the  copartnership  name  hy  a  memlMM*  of  the  tirm.  and  the 
name  and  full  addrt»ss  of  ea<-n  memher  should  lie  j^iven ;  and  if  it  is  made  hy  a 
eor|K>ration  it  should  he  sijjncnl  hy  an  ottlcer  in  tin*  eorf>orat<»  name,  and  the 
eori>orate  seal  slumld  l»e  atta<he<l  t(i  su<*h  sijrnature.  No  lelejrraphie  proposal  or 
telegraphic  mcMlification  of  i)roiK)sal  will  h(»  considered. 

2.  Proi>osa1s. — All  hiank  spacers  in  the  i>n)iM)sal  must  he  IIINmI  in.  and  the 
phraseology  of  the  pn)iM)sal  shall  not  l>e  changcvl  ami  a«lditioiis  shall  not  Ih» 
made  to  the  items  mentioniMl  therein.  Any  <*onditions.  limitations,  or  provisos 
attached  to  a  proposal  will  Ik*  liahle  to  render  it  inf<»rmal  an<l  may  cause  its 
reje<*tlon.  Alterations  hy  erasure  or  interlineation  must  he  explahuMl  or  noted 
In  the  proposal  over  the  signature  of  the  hidder.  If  a  hidder  wislu^  to  with- 
draw hlH  proposal  he  may  do  so  liefore  the  time  fixiHl  for  the  oiKMiing,  without 
prejudiee  to  hlm.self,  hy  conmnmicating  his  pun><>«e  in  writing  to  the  oflii^er 
^^  ho  holds  It.  No  hids  nneivcHl  after  the  time  st»t  for  oiM»ning  the  proiK>sals  will 
he  considered.  The  right  is  reservinl  to  reje(»t  any  or  all  hids.  to  accept  one  part 
and  reject  the  other,  and  to  waive  technical  def(M*ts,  as  the  interests  of  the 
Service  may  refjuire.  Bidders  are  lnvit(Ml  to  he  present  at  the  -opening  of 
proi»osals. 

3.  Certified  cheek. — Kach  hidder  must  submit  witli  his  i)roiK)snl  a  certified 
clu»<*k  for  the  sum  state<l  in  th(»  noti<-e  to  !)i<lders,  <lrawn  to  the  onh»r  of  th(»  Secre- 
tary of  the  Interior.  Th<»  proce<Mls  of  said  check  sliall  become  th(»  proi>erty  of 
the  rnitCMl  States  if.  for  any  reason  wliatever.  the  bi<l(ler  witlMlnnvs  from  the 
<*ompetition  after  the  opcMiiiig  of  tlie  bids  or  refuses  to  ex<'cute  the  re<inired 
<-ontract  and  I)ond  if  Ills  bid  is  :icc«»|>te(l.  Cliecks  will  b(»  returned  to  tlie  unsuc- 
c<'ssfnl  bidders  after  tlie  jifjproval  of  th<'  contract  and  ImhuI  ex(»cuted  by  the 
suc<'essfnl  bidder. 

•1.  Airard. — The  iMcbler  to  whom  award  is  made  will  be  re(|uir(Ml  to  enter  into 
i\  written  contract  with  the  Tiiited  States,  and  to  furnish  go(Ml  and  approv<Ml 
lK)nd  as  her(»in  sp<Hiticd.  within  ten  days  after  rec<Mving  su<-h  contract  for 
oxe<uti(m.  The  «-ontra(l  shall  be.  in  its  general  provisions,  in  th<»  form  adopted 
l»y  the  Keclamatiini  Service,  copies  of  wliicli  can  be  inspectiMl  at  its  ollices  and 
\\  ill  be  furnislnMl.  if  desired,  to  parties  proposing  to  bid.  If  the  bi<lder  to  wluan 
tli<»  first  award  is  ma«I<'  fails  to  enter  into  a  c<»ntract  as  herein  provichnl.  th(» 
.-iward  may  be  annnlled  and  the  nnitract  let  t<i  the  next  most  desirable  l>id«ler  in 
tlu»  o])inion  of  the  Secretary  of  the  Interior:  and  su<*h  bidder  shall  l)e  recpiired 
to  fulfill  every  stipulation  einbrace«l  herein  as  if  h<»  were  the  original  i)arty  to 
whom  the  award  was  mad<».  .V  copy  of  the  advertisement  and  of  the  general 
conditions  and  detail  sjiecilications  will  be  attached  to  and  form  part  of  the 
c(>ntract.     A    coifioratlon    to   which    a    contract    is   awarded   will    l>e   required. 
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l^'riim  thi*  t'lHitni^t  \H  \\ni\\\y  cxmitnl,  h>  rtinii)*h  ii^rtlMfati*  an  to  \t»  i^MTpnr»u 
*»xi8U*in"«^  HMd  L*viiletKv  I  hill  il)r  f»iRiH»r  rtij:iihjg  tU**  t'outrut*!  I**  duly  iiuUiorbsii^ 
ttj  (Icj  *M>  mi  lM*luiJr  I  if  f  hi"  rtiiiMH'iiriouK 

5»  Ctuiifuvtttf*^  btmtf^  -T]i<*  ct»MtrM<*lor  will  Ik*  t^HniJrwl  to ^jiU'f*  n  lioml  Sn  IJw 
t«inti  rjf  2t>  |it*r  <*i^Jit  (if  rlu*  mm  mi  it  nf  tlw^  cnnjfrnoL  milfn3»:i  n  dlJTiTfirt  mmt  » 
sfN^Hfl^l  In  tiie  iiotU"**  to  l>ldfl**rM  ur  |iri*|Hifc«il»  n^TuJHiouixl  ujkiu  thf  fHllliTiil  (ler* 
fnniinrirr  by  thi'  ti»ufnu«tor  of  »\\  tlu^  t^iv<»nfuit>i.  j«^H|iuJntioHj4.  tiinl  jijcrt'euienU 
In  Ilii'  iHintnu't*  If  at  m\y  tlmt*  ilnrUii?  th**  tiinthmjuitv  of  llii»  cn^itmrr  iJus 
hur*4Ji*«»  uf  u[\y  tff  tlu*m.  film! I  <]U\  av.  Uj  tlu'  i)(>h*Uni  itT  fh**  !*4^'rf*Uiry  t»f  th*- 
JniorUus  lu^^inni-  Irn'siJunHiUh*.  thi'  Si't'iWiiry  hIjsiM  N^iv^*  tlH'  rJiihl  to  n^iuln? 
jmIiISUoumI  litiii  Nii(fU'}iMit  Kun'tien,  wlilrlj  tlit*  ['itiitnu'ttir  f^IjilU  furnish  Ut  tlw  )«:il' 
isfiHliikn  of  thdt  oriln'f  nithlii  ti'n  iliiyt^  siftt^r  n«*tltis  :iml  in  th'fjuilt  U »**«•* >f  11* 
ointnn^t  inny  Im-  tinniil1t<t)  hy  tht*  S»H*n*!iiry  *if  thi*  hiU*rl*it-  .unl  I  hi*  work  cmrtNl 
to  *'<inj[iliHJuii  In  tlio  uiauut^r  provkU'U  in  Uu*  tHHJiriift. 

n.  T'ritiij*frr*.— 'rr«n»fer  of  w  tiontrfK  t,  or  at  uny  lnf**i'*^t  therein,  ij^  fm»iai4ti4 
hy  hiw. 

7.  tiinhi-hfiftr  latt*,  ami  fnreiun  nml  cmtrici  lafior. — lu  nil  eoufttnictlmi  vvnrfe  Hdn 

lion  I'M  ahnW  t^in^^tUiiti'  ii  ilay*K  vvurkt  niici  ito  Mir]i(tt>Unn  litlnir  s^iilmil  [k*  «*mitkoM 
l1»*riMiii,  Tin*  inijKirhtlhm  of  fitrci^ivi'fs  .'(nil  hilH>rt'r*s  inuli»r  *.^Hitfiii*l  to  f*<*rfonu 
hihor  In  the*  Pnllt^^l  Htiitcj*  or  tho  Terrllork^  or  I  In*  I>Lstri<l  of  rohitnlnfi  b  iiro- 
hiblttML  rs*H\  :tT^\8.  Kev.  stiit-,  T\  s, ;  :u-t  Ani;,  1,  isirj,  27  ^int.  I...  r;44i:.^^,  4. 
af*t  Jniir  17.  HMU  :ri  t^tnt  L.»  :^S;  iictH  FHi.  2ii,  1KH5,  ana  r<Oi.  2:i»  1S^7,  2a 
Stnt.  h*.  '^12  aiKl  4J4*>  On  till  c^mstniftkni  work  tUt*  t*tJn»loyim*tit  of  iR*nioii» 
iindin'^olnu^  NinJtotUH.'S  of  ImiirisoniUHit  at  lutnl  ]uU>r  which  1m ve  1)f*«*]i  hii[ioM>tl 
hy  *tun*l*?  of  th**  HOvt'Tal  Stjitw*.  TotTltor!^*H,  nr  inuiileljjalUies  Imvliiic  erimliial 
JnHsilii'tUitj  1h  prohlliltiHl     (ExH'utho  onhM*  May  IS,  I^xTk) 

K  />iiM/f*fvr,— WImto  thi*  woixl  *' eni;1ijixjr '*  Ih  tisc-d  hi  thi*  p^htiiI  t'^mtlilitui^ 
or  ilntsdl  «|Mf'lfl(*:ilhni>f.  tn*  In  tho  iHnitm^t,  It  shall  he  ntnl  Is  niuitn»lly  umW 
Htood  to  rcfor  to  tlio  chief  on^huHT  of  tho  Hcchunation  Sorvk*e,  or  any  of  his 
authorizod  assistants  or  hisi>o('tors,  liniitiMl  hy  tlio  particular  (liitli*s  intrustCHl  to 
them.  Tho  engineer  will  jrivc  the  locations  and  the  j^rades  for  tli€»  work,  and 
no  work  (lependin^  on  such  locations  and  .grades  will  he  connneiieod  until  these 
have  been  established.  The  en^inecM*  shall  point  out  to  the  <^>ntractor  any 
neglect  or  disrej:ard  of  the  plans,  specifications,  and  general  conditions  of  tlje 
contra<'t.  T^pon  all  (piestions  concerning  the  execution  of  the  work,  the  cla.ssi- 
tication  of  the  material  in  accordance  with  the  siK'citications.  and  the  determi- 
nation of  costs,  the  decision  of  the  chief  engineer  shall  be  binding  on  l)oth 
parties.  When  two  or  more  contractors  are  engaged  on  work  in  the  sixnw 
Niclnity  the  engineer  shall  be  authorized  to  direct  the  manner  in  which  each 
shall  conduct  his  work  so  far  as  it  affects  otlier  contra<*tors. 

0.  Cnntrarfftr. — Whenever  the  word  "contractor"  is  usoil  it  shall  \ye  held  to 
mean  the  party,  firm,  or  corporation  with  whom  the  contract  is  made  hy  the 
United  States  for  tlie  construetion  of  the  work,  the  agent  of  this  party  who 
may  be  appointiMl  to  rei)resent  him  in  tlie  execution  of  the  work,  or  the  legal 
repres<Mitatives  of  the  contractor.  Th(»  foreman  in  charge  of  the  work  will  In? 
held  to  represent  the  contractor  during  tlie  absence  of  the  latter  or  his  desig- 
nated agent. 

V).  Forcnifni  and  copy  of  plans,  etc. — The  contractor  shall  at  all  times  ke(»p 
ujion  the  work  a  copy  of  the  plans  and  specitications,  so  that  reference  may  be 
made  thereto  by  the  engineer,  in  case  of  misunderstanding  or  mi.sconstruetion. 
Instruct  ions  given  by  the  engineer  to  the  contractor's  foreman  or  agent  on  the 
work  shall  be  cojisidered  as  having  been  given  to  the  contractor  himself. 
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11.  Transportation, — The  contractor  will  afford  opportunity  to  the  engineer 
to  obtain  copies  of  the  expense  bills  for  transportation  charges  on  all  machinery, 
materials,  and  supplies  shipped  to  or  from  the  project  for  use  in  connection 
with  the  work  under  this  contract  On  most  of  the  western  railroads  reduced 
rates  are  applicable  for  the  transportation  of  laborers  eniployetl  by  the  con- 
tractor traveling  in  parties  of  five  or  more  to  or  from  the  locality  of  the  work, 
and  allowance  should  be  made  therefor  in  submitting  bids;  full  information 
concerning  these  rates  can  be  obtained  by  application  to  the  engineer  in  charge 
of  the  project. 

12.  Local  conditions, — Bidders  must  satisfy  themselves  as  to  the  nature  of 
the  material  and  as  to  all  local  conditions  affecting  the  work,  and  no  informa- 
tion derived  from  the  mai)s,  plans,  speciflciitlons,  profiles,  or  drawings,  or  from 
the  engineer  or  his  assistants,  will  in  any  way  relieve  the  contractor  from  any 
risks  or  from  fulfilling  all  the  terms  of  his  contract. 

13.  Mortgaging  of  plant,  etc. — The  contractor  shall  not,  under  any  circum- 
stances, give  or  execute  any  mortgage,  deed  of  trust,  or  other  conveyance  or 
instrument  of  any  description,  affecting  or  Intended  to  affect  his  right,  title. 
Interest,  or  property  in  or  to  any  plant,  machinery,  tools,  appliances,  materials, 
or  animals  which  may  at  any  time  be  used  in  the  prosecution  of  this  contract. 

14.  Damages. — The  contractor  will  be  held  responsible  for  and  be  required  to 
make  good,  at  his  own  expense,  any  and  all  damages,  of  whatsoever  nature, 
to  persons  or  property  caused  by  carelessness,  neglect,  or  want  of  due  pre- 
caution on  the  part  of  the  contractor,  his  agents,  employees,  or  workmen.  He 
will  not  allow  any  of  his  agents,  employees,  or  workmen  to  trespass  upon  the 
premises  or  lands  of  persons  in  the  vicinity  of  the  works,  and  will  discharge, 
at  the  request  of  the  engineer,  anyone  in  his  employ  who  may  be  guilty  of  com- 
mitting such  damage. 

15.  Drawings  and  specification  requirements. — Any  drawings  or  plans  which 
may  be  listed  in  the  detail  si)ecifications  shall,  together  with  such  detail  speci- 
fications, be  regarded  as  forming  part  hereof  and  of  the  contract.  The  engi- 
neer will  furnish  from  time  to  time  such  detail  drawings,  plans,  profiles,  and 
special  specifications  as  may  l>e  necessary  to  enable  the  contractor  to  complete 
the  work  in  a  satisfactory  manner.  The  i^eneral  c«jndltions  and  detail  si>eci- 
fications  shall  apply  to  all  work  done  or  material  furnished,  and  shall  control 
the  special  specifications  where  the  latter  are  silent.  In  case  (►f  conflict  in  the 
general  conditions,  the  detail  siKK'ifications,  and  the  si>ei'lal  s[)ecification8  the 
last  shall  control  in  the  particular  work  to  which  they  apply. 

16.  Experience. — Bidders  must,  if  required,  present  satisfactory  evidence 
that  they  have  been  regularly  engaj^oil  in  the  business  of  constructing  such  work 
as  they  propose  to  execute,  and  tiiat  they  are  fully  prepared  with  the  necessary 
capital,  machinery,  and  material  to  begin  tlie  work  promptly  and  to  conduct  it 
to  the  satisfaction  of  the  Department. 

17.  Character  of  workmen. — The  contractor  shall  discharge  from  his  service, 
when  required  by  the  engineer,  any  disonierly.  dangerous,  insuiK)rdinate,  or 
Incompetent  person  employ tnl  on  or  in  the  vicinity  of  the  works  under  con- 
struction by  the  United  States.  None  but  six  Hied  foremen  or  workmen  shall 
be  employed  on  work  re<iuiring  si>ecial  qualifications,  as  tunnels,  concrete 
work,  etc. 

18.  Methods  and  appliances. — The  methods  and  appliances  adopted  by  the 
contractor  must  he  sncli  as  will  secure  a  satisfactory  quality  of  work  and  will 
enable  him  to  complete  the  work  in  the  time  agreed  ui)on.  If  at  any  time 
such  methods  and  appliances  api>ear  inadequate,  the  engineer  may  order  the 
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(tititraetor  to  Improve  tli^lr  oliHract^i*.  Of  Increnw?  tli^lr  efflelency*  nod  itie  cm- 
trntlwr  muftt  i^cMirnrtn  \t*  »»vh  onlor;  Imt  th^  riilhiri*  uf  flie  engineer  to  ankr 
»ucli  Iniriroveujciit  i>f  iiiothoils  i>r  truTeane  of  elUclPiK-y  will  not  reliev*?  the  «* 
tniHor  frtitn  h\H  nbllirtitloiiif  t«>  perfonn  go<xl  work  ur  ftnleh  It  In  tbe  time  airrnd 
upon. 

m  Maierlui  und  mtrktmnjship, — AU  mfl  tor  lain  wiiist  be  of  the  speci5ed  qmlitf 
und  fuUy  ixiiml  to  nt^provM  mttuplej^,  when  f«timple)i  nr^  rei]uirtMl.  Alt  in^rt 
muHt  Ih«  (Uitm  In  11  thttniugli.  workiniiiiUko  niHuntir  by  ntechfiQli^  ftkUJed  tn  tMr 
voHoun  tnifli^,  noi^vlfhst^fiditig  any  otuI^^mIou  fmin  tbc  drawiuf^  or  »i>er*lfloi- 
tlouH:  urifl  tmytlittiK  mi^iittom^l  In  Ibt'  ^i**^^-!nfiiHoni%  mid  not  Rltown  In  IIm^ 
ilniwliiKJ?^  or  Nhmvn  ^n  tti**  driiwlinfw  ntul  not  niHitUmwl  In  th**  H|WH^iil<^!irtri«. 
tmi^f  Lk>  do[ie  uh  thougb  t^Utiwi]  or  uient  toned  in  hotb.  All  nintertHlic  funiJHl]<e<! 
Hod  Mil  wi»rk  i!oi»i*  sbrtll  ht*  niJbjtH't  to  rlj:W  !iiMpectloii,  Hud  If  not  in  rt<^H>hlAtK« 
wUli  the  1*1  n.N*lfl<^it lorn*.  In  the  opinion  of  iiip  eiiglnee'r,  sball  l>e  made  lo  i^uffina 
tlK*rHf».  rnsntl(<fiif(tir5'  nuttt*rial  \v\U  tw*  rejt»et«l  and  shiill  N*  iiiiatc>dtntHf 
removed  from  the  pr«iii!»est  nt  the  mst  of  tbp  contractor,  if  ro  ordered  b^  tlit 
onglPi*er. 

20.  i^fimph'n.— The  oontrflotor  sbnll  wnbrnit  HBniplea  of  any  or  nil  mat^rlftbl 
pniptvucil  to  Im'  nstil  tn  tbe  ivork  If  rtijulrinl  to  do  so  by  tbc  en*flniH*r, 

21.  thtfifiH.—Tlw  contractor  sball  not  (*e  entltl(»d  to  any  compefisiitlon  for 
delajM  or  hlntlrrtmr^  to  tbi?  work  from  any  t*«iiwf  wlnitever.  Exten»iou  of  Uimft 
will  tN"  allowcil  fi>r  unuvoldttbl**  delays.  sMvh  aw  may  result  from  cttitfieii  whlHi^. 
In  tbe  oplnti>ii  of  tb^  eng1nt^er»  approved  by  tbe  Secretary  of  the  iMterlor,  ftr# 
nntlonbttHlly  iH^and  tlir  contr^^l  of  thf^  contractor,  Hucb  ii*i  actw  of  PtH^videtin*. 
fortultoijH  events*  or  the  like.  If  any  delay  or  hindrance  ifi  eaiiAed  tiy  »pertAc 
ln«tnirtions  on  the  ]mrt  of  tbe  fSec-retJirj^  of  tho  Interior  or  tbe  eng^loc^r,  or  l«y 
their  fallnre  to  provblc  niaterlnl  siilUcicnt  to  carry  on  the  work,  or  to  iclve  ituH* 
ItistrnetlonK  a»»  amy  Ik*  ntNVHwavy  f<^r  the  Kftme,  ht  to  provide  net*iessary  n|?ht  i»f 
way,  til  en  such  delay  will  entitle  the  contractor  to  an  extension  of  time  equlvi- 
leiit  to  Ilie  time  lo.^t  by  sn<'h  *le1ay.  Tbe  coi;h!t»<T  nnwt  ivh^mvo  fn>tn  thf  *^^^^- 
tractor  a  written  notice  of  claim  for  snch  delay  before  any  extension  of  time 
will  l)e  allowed.  Any  extension  of  time,  however,  shall  not  release  the  sureties 
from  their  obligation,  whl<*h  shall  remain  in  fnll  force  and  effect  until  tbe 
discharge  of  contract.  Any  application  for  an  extension  of  time  must  be  ac- 
companied by  the  formal  consent  of  the  sureties  thereto,  or  other  sufliclent 
sureties  must  be  furnished  by  the  contractor.  In  case  the  contractor  should  fall 
to  complete  the  work  In  the  time  agree<l  \\\h)\\  in  the  contract,  or  In  such  extra 
time  as  may  have  l)een  allowed  for  delays  ns  herein  provided,  the  engineer  shall 
compute  and  appraise  the  direct  damages  for  the  loss  sustained  by  the  United 
States  on  account  of  further  enjployment  of  engineers,  inspectors,  and  other  em- 
ployees. Including  all  <lisbursements  on  the  engineering  account,  properly  charge- 
able to  the  work.  The  amount  so  appralse<l  and  computed  Is  hereby  agreed  upon 
as  liquidated  damages,  and  shall  l>e  deducted  from  any  money  due  the  contractor 
under  bis  contract,  and  the  contractor  and  sureties  shall  be  liable  for  any 
excess.  The  decision  of  the  chief  engineer  as  to  the  appraisal  of  such  damages 
shall  be  final  and  binding  on  both  parties.  Any  provisions  in  the  detail  speci- 
fications (X)ncerning  dcHluction  for  delay  shall  be  held  as  modifying  or  revoking 
the  provisions  herein. 

22.  l^usprtision  of  contract. — Should  the  contractor  fall  to  begin  the  work 
within  the  time  required,  or  fall  to  begin  the  delivery  of  material  as  provided 
in  the  contract,  or  fall  to  prosecute  the  work  or  delivery  In  such  manner  as  to 
insure  a  full  compliance  with  the  contract  within  the  time  limit,  or  should  any 
question  arise  as  to  whether  or  not  the  contractor  is  properly  carrying  out  tbe 
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provisions  of  bis  contract  in  their  true  intent  and  uieanliif?.  at  any  time  during 
he  progress  of  the  woric,  notice  tliereof  in  writing  hIiuII  be  wrved  ui)on  him, 
md  upon  his  neglect  or  refusal  to  provide  nuans  for  a  more  energetic  and 
latislactory  compUance  with  tlie  (tintract  within  tlie  time  specified  in  such 
lotice,  tbeii  and  in  either  cmse  the  SeiTetary  of  tlie  Interior  sliall  liave  the 
wwer  to  suspend  the  operation  of  the  I'ontract,  and  lie  may  talce  poHsesslon  of 
ill  machinery,  tools,  apfiliances,  and  anlmaln  employed  on  any  of  the  works  to 
>e  constructed  under  the  contra<*t  and  of  all  materials  InMonging  to  the  con- 
tractor delivered  on  the  ground,  and  may  uk«»  the  same  to  <*omplete  the  worlc, 
>r  he  may  employ  other  parties  to  carrj^  the  <'ontract  to  completion,  substitute 
other  machinery  or  materials,  purchase  the  material  contracted  for  In  such 
manner  as  he  may  deem  pro[)cr,  or  hire  such  font*,  and  buy  such  machinerj-. 
tools,  appliances,  materials,  and  animals  at  the  contractor's  exiKMise  as  may  be 
necessary  for  the  proper  conduct  of  the  woric  and  for  finishing  it  in  the  time 
agreed  upon.  Any  excess  of  <*ost  arising  therefrom  over  and  above  the  contract 
I>rlce  will  be  cliarged  against  the  contractor  and  his  sureties,  who  siiall  be 
liable  therefor.  The  failure  to  order  Improvement  of  methods  or  Increase  of 
force,  plant,  or  efficiencies  will  not  relieve  the  contractor  from  his  obligation 
to  perform  good  worlc  or  finish  in  the  time  agnnMl  n|K)n. 

23.  Climatic  CfrnditimtH, — The  engin(M»r  may  onier  the  contractor  to  suspend 
any  work  that  may  be  damagcnl  by  Inclemency  of  the  w(»atber  or  other  climatic 
conditions  (as,  for  example,  excessive  cold  or  heat),  and  due  allowance  shall  be 
made  to  the  contractor  for  the  time  a<!tually  lost  by  him  on  account  of  such 
suspension. 

24.  Quantities, — The  quantities  given  in  the  proposal  are  for  the  puri)ose  of 
comparing  bids,  and  are  approxinnite  only,  and  no  claim  shall  l)e  made  against 
the  United  States  on  account  of  any  excess  or  deficiency,  absolute  or  relative,  In 
the  same. 

25.  Changes. — The  Secretary  of  the  Interior  reserves  the  right  to  make  such 
changes  In  the  sjiecifications  of  work  or  material  at  any  time  as  may  be  deemed 
advisable,  without  notice  to  the  surety  or  sureties  on  the  l)ond  given  to  s(»cnre 
complian€*e  with  the  contract,  l>y  adding  thereto  or  deducting  therefrom,  at 
the  unit  prices  of  the  <'ontract,  or  at  such  allowances  for  changes  of  materials  as 
shall  be  deemed  just  and  reasona!»le  hy  the  engineer,  whose  decision  shall  Ik* 
binding  on*lK>th  parties.  The  right  to  make  material  changes  in  the  quantities 
listed  In  the  proiwsal  is  an  essential  part  of  tlie  contract,  and  l)idders  must  nmke 
their  estimates  accordingly.  Stionld  any  change  !>e  made  in  a  particular  piece 
of  work  after  it  has  l)een  connnenced.  so  that  the  contractor  is  put  to  extra 
expense,  tlie  englnet»r  sliali  make  reasonaltlc  allowanct*  therefor,  which  action 
shall  l>e  binding  on  lM)th  parties.  Extra  work  or  material  will  Ik»  paid  for  as 
hereinafter  provided. 

2«».  Extra  \cork  or  mutcrinl. — Kxtra  work  or  material  of  a  character  not  pro- 
vided for  in  the  si)eclficati(ms.  If  ordertnl  in  writing  by  the  englnei»r.  will  be  paid 
for  at  actual  neces.sary  cost,  as  detennin^Ml  by  tlie  engin<»cr.  plus  l."»  jier  cent 
for  profit,  sui)erintendence,  and  general  cxf>ens(»s.  Tlic  cost  of  extra  work  shall 
include  all  materials,  labor,  and  fm'l  furnisluMi  l»y  the  «*ontractor.  but  shall  not 
include  use  of  tools  or  nuu'hinery.  office  exiienses.  general  superintendence,  or 
other  general  exi>enses.  Demand  for  payment  nnist  l>e  made  in  writing  by  the 
contractor  promptly  upon  the  conipleti<»n  of  the  extra  work  or  furnishing  of  the 
extra  material.  The  acc<mnt  including  the  same  must  be  accompanied  by  the 
certificate  of  the  engineer  that  such  work  has  luM^n  satisfactorily  performwl  or 
the  material  furnishe<l.  stating  the  amount  to  be  allow<Hl  therefor. 

27.  Structural  difficnUics. — Should  structural  ditficulties  prevent  the  execu- 
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tlon  of  tlie  work  hh  tl^^vriia^iH  (ri  th<*  pln»«  Jiiid  »cpfH'inaitloiiii^  i]i««?ftt«iMir7r  i 

tlonw    therefmni    timy   hv^   fHTi^ilttiHl    l\v    tlic    i>ii>!liJtH*r*    IjuI    tiiu^t    lie   irl^ 

2K  fti*(jivf'iirtrf  of  ifovk\—Thv  ou^lnvf^rn.  •.\in\  iim|HH*trirH  tipfHTltttrnl  bf  th^  Sifffi 
tnry  yf  tin*  Inti^rlor  nhrtl?  Jil  nil  Uii*t*!i*  hnu*  (Un  riifhl  tfi  lii»tH«t<t  tlit*  wt^rk  &odi»lBi 
rUilK  Tlir  ttiittriirt«jr  sUiilJ  fiintisli  h[}vU  |i**rKiinK  ii^iisiiiuiUlt*  fririlffk^  forDttia)! 
\ix^  wiii'h  inri^riiiMiKjii  )i8  iIm*.v  tUf^in^  ri'!*|N>^'ilijs:  tUo  f»rt>sros«  nuil  njiintiipr  of  ti 
WYirk  ntitl  tlii^  rtuinu'tor  uf  tiK*  uintorhit.  Including  jiII  tiirortuitttnii  fK*ct*t<Mtn  t 
di>tt*n»il(it*  tKt*  i-owt  oi'  t(it*  vviirk,  huHi  iin  tlio  tiiitntuM*  tif  m(*n  <*itip)i>>'cH!,  tlwir  f<i 
tl»*  thrm  (Inrlnp^  wUlHi  ilwy  workufl  mi  rbe  variouH  fUiHH^  of  ix>tmtruijtton,  rti 
Il(^  Kim  IK   whfri   rt^juirmL   forninL  tin*  t*UKllitH*r  auJ   blrf  iiK.^lHtajitH    invjiM  m? 

Wlit*iievi-r  lb*  i^nilnirtnr  mIuiU  \^'  irt^'ruitlt**!  nr  UlirtH'tt'tl  Ui  fN.'rriinti  tii^jhi  wort 
fir  to  viiry  th*^  iieric*il  tlnrin^'  vvlilrjj  wtwU  i^  fiirrk^l  on  ♦.'mH>  riji>%  }u»  ^hnll  c-i 
diR*  iKJllri*  til  till*  onuliu-rr  hi»  fluit  i>m|n'r  Iiimjhn  tlr»n  uiuy  hp  pritvJili'Hl  Tar  Sue 
wcirk  rttmJl  Ih^  dotu^  iunl<»r  n't:iiJiilii*nH  t<i  \»*  fnrul^lKHl  In  writing  hj^  tlw  c*ii|jiB 
and  rjo  i^xti'ii  n>iii|ii^iiM{itlon  Mttiil)  lio  iilUivvt'il  tlHTf>for. 

21K  Hi'tiiffvttl  of  thifctirv  work,-  T\u*  itiiilnulur  kIhiII  nntinvt*  rtiul  rr4iull< 
JtlH  own  oxfjenwo.  ainj  pnrt  of  (lu*  %vork  wIiUHi  Iisih  Iwhi  iiii|iriHK*rl5*  «>K4vniti*(i  ( 
tJidUfsli  HUi'li  work  Blumld  lusvt'  Ihh^ii  itlnnidy  »illtiw*Hl  ffir  \xi  rbe  rmmthJy 
uiat(>)4.  Thv  fiifi\\H'*^r  shjtil  ^ivi'  lu  Hir  iHrrttiviettir  written  nuiht*  i»f  tmii^h  dt^ft^-'tll^ 
w<»rk  wKini  fcHtiML  U'  Tlir  <tniln(r(fjr  rofuH^M  i^r  iK*gUH*tH  to  re|jliit'r  xurU  iJ^fw'tltTi 
\V4irk,  i1  [uny  bo  r*:»|ilf«-<*«l  hy  tht*  rnitc^l  Stjit4?sj  at  tlic  <'outi"aetor*K  t^x]H*nM% 

IMX  Pmh^^fiofi  *tf  fhtinht'it  ti*nh'  nttd  tirtmhiff  t^p.— Tin*  n>fJthH-tor  will  bo  litU 
rt^vi[if*iw\bU^  for  uny  nirvtiTbil  furnl^lMii  ti»  him,  aud  for  tbe  i^are  i>f  nn^'  Iff«li4ied 
work  u tit II  tjnul  ooiupbHt<m  of  tlir  work,  utid  will  Ije  riHininHl  to  niak4«  i^mxI.  |( 
iiiis  own  foHt*  any  dnmrtf^o  or  itijtn\v  It  um%*  sii^tnUi  from  »i\y  Citiu^v  11f>  fiM 
take  all  riwkn  frimi  lb w ids  nut]  t^AH\ii\UU'H  nf  ^'^vf^y  (b^M rlj^tbMi  iiinI  tojiki*  uo  r*banjf 
for  (let^^utUm  from  huvU  rKUK<*M,  lU*  nmy,  bowt^v^Tp  h%'  albiwcHl  n  rr-ataiUHblr 
f^xt»*uwloTi  of  thin-  tin  n*^^nii\t  of  Miifti  di-tpiiMoM.  i\^  iH-orbbtl  brrehj.  The  nm 
tractor  shall  remove  an  nil)hisn  aiui  unused  material  ii|K>n  coiupletion  of  tbe 
work,  and  place  the  premises  in  a  condition  satisfactory  to  tlie  engineer. 

31.  Errors  and  omissions. — The  contractor  will  not  l)e  allowed  to  take  advan- 
tage of  any  error  or  omission  in  these  specifications,  as  full  instructions  will 
always  l>e  given  shcnild  sucli  error  or  omission  l»e  discovered. 

32.  Roads  and  frncrs. — All  roads  crossing  the  work  and  subjcH^t  to  interference 
therefrom  nnist  Ik'  kei>t  open  until  proi>er  bridges  or  crossings  are  provided,  if 
necessary,  and  all  fences  crossing  the  work  nnist  be  kept  up  by  the  contractor 
until  the  work  is  finisluMl. 

l^.  Bench  marks,  stakes,  etc. — All  bench  marks,  witness  and  side-slope  stakes 
must  be  carefully  preserved  by  the  contractor,  and  in  case  of  their  destruction 
or  removal  liy  him  or  any  of  his  employees  such  stakes  shall  l)e  rejdnced  by  tbe 
engineer  at  the  contractor's  exi>ense. 

34.  Riff  fit  of  way. — The  right  of  way  for  the  works  to  be  ^constructed  and  for 
all  necessary  lM>rrow  pits,  channels,  spoil  banks,  ditches,  roads,  etc.,  will  be  pro- 
vided by  the  Ignited  States. 

35.  Sanitation. — The  chief  engineer  nmy  establish  rules  for  sanitation  and 
police  regulations  for  all  forces  emi>loyed  under  this  contract;  and  should  the 
contractor  fall  to  enforce  these  rules,  the  engineer  may  enforce  them  and  assess 
against  the  contractor  the  cost  thereof,  which  will  be  deducted  from  any  sum  due 
on  the  contract. 

30.  Use  of  liquor. — The  use  and  sale  of  Intoxicating  liquor  will  be  absolutely 
prohibited  on  the  work  except  under  the  direction  and  suiiervision  of  the  engi- 
neer or  his  agent,  and  then  only  for  medicinal  purixjses. 
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37.  ClaimB  far  work  and  material. — ^The  contractor  shall  promptly  make  pay- 
mentH  to  all  persons  supplying  InlM>r  and  materials  in  the  prosecution  of  the 
work,  and  a  condition  to  this  effect  shall  In*  in(7ori)oratod  in  the  bond  to  be  given 
by  the  contractor,  In  pursuance  of  the  act  of  Congress  approved  August  13,  1894 
(28  Stat.  L.,  278),  and  acts  amendatory  thereof. 

;W.  Payments, — ^The  payments  due  shall  be  made  to  the  contractor  ui)on  the 
[»resentation  of  proper  accounts,  propareil  by  the  engineer  and  approved  by  the 
chief  engineer,  In  accordance  with  the  provisions  made  therefor  and  pertaining 
to  the  contract.  When  the  work  has  ijcen  completed  or  all  the  material  has  been 
delivered,  to  the  satisfaction  of  the  chief  engineer,  and  when  a  release  of  all 
claims  against  the  United  States  on  account  of  the  contract  shall  have  been  exe- 
cuted by  the  contractor,  final  payment  of  the  balance  due  will  be  made. 

SPECIFICATIONS  FOR  MACHINERY  AND  INSTALLATION    (FORM  9-294A). 
INSTKUCTIONS   TO   BIDDERS. 

1.  Form  of  proposal  and  nignature. — The  proposal  must  l)e  made  on  the  form 
provided  for  that  puriK>se,  Inclosed  in  a  sealed  enveloiie,  and  marked  and 
addressed  as  required  in  the  notitH^  to  bidders.  It  must  state  in  writing  and  in 
figures  the  unit  prices  and  the  sum  of  money  for  which  the  bidder  proposes  to 
supply  the  materials  and  i>erforni  the  work  called  for  in  the  proposal  and 
schedule.  If  the  bid  is  made  by  an  individual,  It  must  Im?  slgne<l  with  the  full 
name  of  the  bidder,  whose  address  must  be  given ;  If  it  Is  made  by  a  firm,  it 
should  be  signed  with  the  copartnership  name  by  a  member  of  the  firm,  and 
the  name  and  full  address  of  each  menil)er  should  Ih?  given ;  and  If  It  is  made 
l»y  a  cwn^oration,  it  should  be  signed  by  an  officer,  in  the  con^rate  name,  and 
the  corix)rate  seal  should  l>c  attached  to  swh  signature.  No  telegrai)hlc  pro- 
posal or  telegraphic  modification  of  proposal  will  l)e  considered. 

2.  PropoHalH. — All  blank  spaces  In  the  proposal  must  l)e  filled  In  and  the 
l>hrascH>logy  of  the  proposal  shall  not  l>e  changed  and  additions  shall  not  be 
made  to  the  items  mentioned  therein.  Any  (^)iiditions,  liniitaticms,  or  provisos 
attached  to  a  proiK)sai  will  be  liable  to  render  it  informal  and  may  cause  its 
rejection.  Alterations  by  erasure  or  interlineations  must  l>e  explained  or  noted 
in  the  proposal  over  the  signature  of  the  bidder.  If  a  bidder  wishes  to  with- 
draw his  proposal,  he  may  do  so  !>efore  tiie  time  fixcnl  for  the  o|)ening.  without 
prejudice  to  himself,  by  <-oninuinicnting  liis  purpose  in  writing  to  tlie  officer  who 
holds  it.  No  bids  rcH-eivcnl  after  tli<»  time  set  for  opening  the  proposals  will  be 
considered.  The  right  is  reserved  to  reject  any  or  all  bids,  to  ac<*ept  one  part 
and  to  reject  the  other,  and  to  waive  technical  defects,  as  the  interest  of  the 
Service  may  retiuire.  Bidders  are  lnvite<l  to  Ik?  present  at  the  opening  of  pro- 
I>osals. 

3.  Certified  check. — Kach  bidder  nmst  submit  with  his  proposal  a  certified 
che<*k  for  the  sum  stated  in  the  notice  to  bidders,  drawn  to  the  order  of  the  Sec- 
retary of  the  Interior.  Tlu*  prort»e<ls  of  said  clieeks  shall  l>e<-oni(^  the  property 
of  the  United  Statt^  if,  for  any  reason  whatever,  the  !>ldder  withdraws  from 
the  c^ompetition  after  the  optMiing  of  the  l)i(ls  or  refuses  to  execute  the  required 
contract  and  Iwnd  If  his  bid  is  accepted.  C'htH'ks  will  be  returned  to  the  unsuc- 
cessful bidders  after  the  approval  of  tlie  contract  and  Ixnid  executed  by  the  suc- 
c^essful  bidder. 

4.  Award'. — The  bidder  to  whom  award  is  made  will  be  required  to  enter  into 
a  written  contract  wltii  the  UnittMl  States  and  to  furnish  good  and  approved 
bond,  as  herein  specified,  within   ten  days  after  receiving  such  contract  for 
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execution.  The  contract  shall  be,  In  Its  i^eneral  proylslona.  In  the  tarm  addptsd 
by  the  Reclamation  Seryice,  copies  of  which  can  be  inspected  at  its  oHkaeSp  and 
will  be  furnished,  if  desired,  to  parties  pn^^oaing  to  bid.  If  i 
the  first  award  is  made  ftills  to  enter  Into  a  oontfl«ct 
award  may  be  annulled  and  the  contract  let  to  the  next  ^ 
in  the  opinion  of  the  Secretary  of  the  Interior;  and  flocfa  bMder  -ohall  ke 
required,  to  fulfill  every  stipulation  embraced  herein  as  If  he  were  tbe  orighial 
party  to  whom  the  award  was  made.  A  c<H>y  of  the  adTerttoement  and  of  tbe 
general  conditions  and  detail  specifications  will  be  attached  to  and  form  ptit 
of  tbe  contract  A  corporation  to  which  a  contract  is  awarded  will  be  required, 
before  the  contract  is  finally  executed,  to  furnish  certificate  as  to  its  oorponte 
existence  and  evidence  that  tlie  ofllcer  signing  the  contract  Is  duly  antboriied  to 
do  so  on  behalf  of  the  corporation. 

5.  Contractor's  bond. — ^Tlie  contractor  will  be  required  to  give  a  bond  hi  tbe 
sum  of  20  per  cent  of  the  amount  of  the  contract,  unless  a  dUferent  snm  is 
specified  in  the  notice  to  bidders  or  proposal,  conditioned  upon  the  faithful  pe^ 
formance  by  tbe  contractor  of  all  the  covenants,  stipulations,  and  agreementi 
in  the  contract.  If  at  any  time  during  the  continuance  of  the  contract  the  sure- 
ties, or  any  of  them,  shall  die,  or,  in  the  opinion  of  the  Secretary  of  the  Interior, 
become  irresponsible,  the  Secretary  shall  have  the  right  to  require  sddltloiial 
and  sufllcient  sureties,  which  the  contractor  shall  furnish  to  the  satisfaction  of 
that  otticer  within  ten  days  after  notice,  and  in  default  thereof  the  contract  uiay 
be  annulled  by  the  Secretary  of  the  Interior  and  the  work  carried  to  oompletloo 
in  the  manner  provided  in  the  contract 

6.  Transferg. — ^Transfer  of  a  contract  or  of  any  Interest  tberrtn.  Is  prohibited 
by  law. 

GENERAL  CONDmONS. 

7.  Eight-hour  latr,  and  foreign  and  convict  labor. — In  all  oonstmctlon  wort 
ei^ht  hours  shall  constitute  a  day's  work,  and  no  Mongolian  labor  shall  be  em- 
I)loyed  thereon.  The  iniiwrtation  of  foreigners  and  laborers  under  contract  to 
I>erforni  lal)or  in  the  I'nited  States  or  tlie  Territories  or  the  District  of  Columbia 
is  prohiliited.  (Se<-.  ;i7:H8,  Rev.  Stat.,  U.  S. ;  act  Aug.  1.  18JI2,  27  Stat  L..  ^10: 
stM'.  4.  act  June  17,  11K)2,  :V2  Stat.  L.,  888;  acts  Feb.  2tJ,  1885,  and  Feb.  23,  1887. 
2'A  Stat  L..  .*W2  and  414.)  On  all  (-onstruction  work  tlie  employment  of  penwns 
undergoing  sentences  of  imprisonment  at  hard  lalK)r  which  have  l)een  imposed 
by  courts  of  the  several  States,  Territories,  or  muidcipalities  having  criminal 
juris<liction  is  jiroliibited.     (Kxe<-utlve  order  May  18.  10U5.) 

S.  f'Jtifjiverr. — Where  the  word  "  enginei»r  "  is  used  in  the  general  condition 
or  detail  spei'i flea t ions,  or  in  the  contract.  It  shall  l)e  and  is  mutually  understood 
to  n»fer  to  the  chief  engineer  of  the  KcK'laniatiou  Service  or  any  of  his  author- 
\7ah1  assistants  or  insiHH'tors.  liniittHl  by  the  particular  duties  intrusted  to  theiu. 
The  engin<»er  shall  iK>int  out  to  the  contractor  any  negle<'t  or  disregard  of  tbe 
plans,  si)e<'ifl<'ations.  and  general  conditions  of  the  contract  Upon  all  questions 
concerning  the  extn-ution  of  the  work  in  a<'cordance  with  the  specifications,  and 
tile  determination  of  costs,  the  decision  of  the  chief  euginc^er  shall  be  binding  on 
both  parties.  When  two  or  more  contractors  are  engaged  on  work  in  the  same 
vicinity  the  engin(»er  shall  be  authorized  to  direct  the  manner  in  which  each 
shall  conduct  his  work  so  far  as  it  affwts  other  contractors. 

0.  Cotitractor. — Wlienever  the  word  "  contractor  "  is  used  it  shall  be  held  to 
mean  the  party,  tirni,  or  coriioratlon  with  whom  the  contract  is  made  by  the 
I'nitiHl  States,  the  agent  of  this  part>'  who  may  be  appointed  to  represent  him 
iu  the  execution  of  th^  work,  or  the  legal  representatives  of  tbe  contractor. 
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The  foremaa  in  charge  of  the  work  will  be  held  to  reprenent  the  contractor 
during  the  absence  of  the  latter  or  htn  denigimted  agent. 

10.  Foreman  and  copy  of  plans,  etv. — The  contractor  shall  at  all  times  keep 
upon  the  work  a  copy  of  the  plans  and  siieciflcnitlons,  so  that  reference  may  be 
made  tliereto  by  the  engineer  in  case  of  misunderstanding  or  misconstruction. 
Instructions  given  by  the  engineer  to  the  contractor's  foreman  or  agent  on  the 
work  shall  be  considered  as  having  been  given  to  the  contractor  himself. 

11.  Transportation, — The  contractor  will  afford  opportunity  to  the  engineer  to 
obtain  copies  of  the  exi^ense  bills  for  transportation  charges  on  all  machinery, 
materials,  and  supplies  shipi)e<l  to  or  from  the  project  for  use  in  connection  with 
the  work  under  this  contract.  On  most  of  the  western  railroads  reduced  rates 
are  applicable  for  the  transportation  of  laborers  employed  by  the  contactor, 
traveling  in  parties  of  five  or  more  to  or  from  the  locality  of  the  work,  and 
allowance  should  be  made  therefor  in  submitting  bids.  Ii^ill  information  concern- 
ing these  rates  can  be  obtaine<l  by  application  to  the  engineer  in  charge  of  the 
project 

12.  Local  conditions. — Bidders  must  satisfy  themselves  as  to  the  nature  of 
the  material  and  as  to  all  local  conditions  afre<*ting  the  work,  and  no  informa- 
tion derived  from  the  maps,  plans,  spe<*i flea t ions,  profiles,  or  drawings,  or  from 
the  engineer  or  his  assistants,  will  in  any  way  relieve  the  contractor  from  any 
risks  or  from  fulfilling  all  the  terms  of  his  contract. 

13.  Damages. — The  contractor  will  be  held  res])onsH)le  for  and  be  required  to 
make  good,  at  his  own  ex|)ense,  any  and  all  damages,  of  whatsoever  nature,  to 
l»ersons  or  property  caused  by  carelessness,  neglect,  or  want  of  due  precaution 
4)n  the  part  of  the  contractor,  his  agents,  enii)loyees,  or  workmen.  He  will 
not  allow  any  of  his  agents,  employees,  or  workmen  to  trespass  u|K»n  the 
premises  or  lands  of  |»ersons  in  the  vicinity  of  tiie  works,  and  will  discharg(>, 
nt  the  request  of  the  engineer,  anyone  in  his  employ  who  nniy  Ik*  guilty  of  com- 
mitting such  damage. 

14.  Drawings  and  specification  rpquircmentn. — Any  drawings  or  i»lans  which 
may  be  listed  in  tlie  detail  si)ecifications  shall,  together  with  such  detail  s^ieci- 
fications,  be  regarded  as  forming  part  hereof  and  of  tlie  contract.  The  engineer 
will  furnish  from  time  to  time  su<'h  detail  drawings,  plans,  profih^s.  and  sjMM'ial 
specificatfons  as  may  he  ne<*e«sary  to  enable  the  c^Mitractor  to  coinplete  the 
work  in  a  satisfactory  manner.  The  general  conditions  and  detail  siM»clfica- 
tlons  shall  apply  to  all  work  done  or  material  fnriilshe<l,  and  shall  <*oiitrol  the 
special  specifications  where  the  latter  are  silent.  In  case  of  ccmfilct  in  the 
general  conditions,  the  detail  sfKM'ifications,  and  the  s|KH*ial  siNM'Ifications,  the 
last  shall  control  in  the  parti<'ular  work  to  whi<*h  they  apply. 

15.  Experience. — Bidders  must,  if  re<inired.  pn*sent  satisfactory  evidence  that 
they  have  been  regularly  engaged  in  the  hnsiness  of  const ru<'ting  su<!h  work 
as  they  pro|>ose  to  execute*.  an<l  that  they  arc  fully  iweparwl  with  the  necessary 
capital,  machinery,  and  material  to  begin  the  work  promjitly  and  to  conduct  it 
to  the  satisfaction  of  the  Department 

16.  Character  of  irorkmen.—T\w  <t)ntra<*tor  shall  discharge  from  his  service, 
when  required  by  the  englnet*r,  any  disorderly,  dangerous.  insulK>rdlnate,  or 
incompetent  i)erson  employed  on  or  in  the  vicinity  of  the  works  under  construc- 
tion by  the  United  Statw.  None  but  skille<l  foremen  or  workmen  shall  be 
employed  on  work  rei|uiring  s|)e<'ial  (qualifications. 

17.  Methods  and  appliances. — The  methods  and  appliances  adopted  by  the 
contractor  must  be  such  as  will  secure  a  satisfa^'tory  quality  of  work  and  will 
enable  him  to  complete  the  work  in  the  time  agreed  upcm.  If  at  any  time  such 
methods  and  appliances  appear  inadequate,  the  engUieer  may  order  the  con- 
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i'3ti^nUU»Ei>    T|i(*  wittrHrl  8ba11  be,  in  Ha  ifinipriil  pr*ivi«lmi*i,  in  the  form  itdoi^ni 

liy  fJu*  Uii'la/untitMi  SiTVirt*.  ^fipiut*  of  wlilrli  run  In*  iUHi»H<if*il  lU  Um  Hfti<v?i.  wod 
will  Im'  furniHh^,  it  thM^WM.  U>  (kiirlif^M  prtiritmitif£  ti)  hiii  If  Uih  biUder  ti>  wt)tii& 
tlitj  tlretl  uwaril  N  iiinilc  futU  tt>  4*iiti*r  littu  n  iiiutrui't  «m  hi*rf4ft  tirov|iS#d«  tlv^ 
awai'^l  limy  1n^  MiitinU***!  Jitvil  ihr  4*fintr»c"f  li*T  la  fl«*  iw*xt  itKwl  ilt^lrAKIi*  ttiddiT 
III  tlu'  (jjiiiiifm  iif  Iht*  J^*^<'ivitir>'  of  tlie  Iut*>r1or:  ntni  meh  UUUU^r  mJuiII  hr 
rtnynlnHi  Id  ftiKtU  *'\>*ry  !4tl|ml«th*ii  Hiibrnnnl  luTelti  hk  If  Uv  Wi*re  IL**  ariicm5tt 
Iiart>  lift  vvlitirij  Lh^*  uv^unl  u:i>i  lii^hIi*.  A  t^ipy  of  tlu'  Tiirv«'rtl^>^c'tutHit  nniJ  uf  tbr 
l^mi^nil  ^imillMfJti^  fiuiJ  lMjiII  Kikvilk'nlLium  will  Ih>  HtljiolH^l  4«i  inul  f^irui  ]iun 
tif  Hi(*  nlllfr^^i*f.  A  i^uriNiriitti^ri  to  wUlcli  ii  i^nitrn^'l  It*  uw»nU^  wiU  Iw*  rmjuif>pil 
Urfoiv  tlio  i^Jiilrm'f  Ik  liiiall,v  exwudL^ln  tti  furinjiili  f^*rtJflt»fite  nw  to  itw  (riniwinitp 
i^xIstviMH'  tiuci  ^'-vhituu'*'  ttm!  iht*  c^jRt'tT  rtiguititf  tUi*  ixmtnici  \»  duly  uutburixt^il  to 
i]u  HO  oti  twliulf  of  tiki*  eor)Hii'ntUni. 

5.  (Win4ravtftr*ft  hrtttti. — 'I1io  I'^jiiinu'tor  will  he  rp*nilre<l  to  givp  n  bond  in  tftf 
i*ttiii  of  L!ii  |H*r  fviit  of  tlw  fiuioiuit  11  f  thi^  ixijifnu-t.  iuiU*ss  n  dlfft*r#^ut  »ntti  h 
!vji****lflF<i  It)  Hit*  noHt'e  to  bUI*U»rH  nr  iini|MHjU»  i'%>ridlt1onKl  uim>h  tb^  faitbfuj  [ttr- 
fonnunii'  by  flu-  cnuTrivrttir  ol  iill  tlw'  niV4*imjitH.  sll|niNlkiHK.  and  iiifrt^emeiit^ 
In  tin*  (uutniH.  If  fit  m\y  time  during  tli#^  i^nitlionuifT  of  thf  ooiitnic^t  tbe  ^tire^ 
tk*.  rir  nny  of  tlu-iu,  sihnll  dlc\  or.  in  tin*  opiiihiu  of  llii*  Kt*<'rt*tai*y  of  tbi*  luterkir. 
|K*c'Ofiio  lrrt.*K|H}i4H[1il^,  tliH  H4*rn*tn  ry  h  lot  II  hinv  tlto  rl^ht  tn  I'l^iulri*  aiildftioii^l 
tiivd  Mulllrtrut  snriil***?,  wbU-h  Ibt*  ttmtrat  tor  shall  furid^^u  to  Vbt*  stulisfnotlon  of 
that  oUk't*r  wltbhi  ti^u  ilnym  aft^r  not1iH\  iiitd  In  drfatilt  ttK^EiH>f  ttii^  t'cintrnrt  iiiAf 
Ih'  annnlh^l  by  I  la'  St*i'n*tary  of  tlie  Ititorior  and  tht*  work  trarrkni  to  cHitti|ileUi 
lit  I  be  aianijoi'  jimvUU'd  In  tlir  tuiiiratr, 

IL  TranJtftTit.—TriLn^lvv  of  a  <x>utrael*  or  of  aii>'  lulere^t  tb*?relii.  Ik  {>r»lilhli 
by  hm. 

UENEBAL  CONDITIONS, 


a 
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7.  Hhfht'httut'  i(Hi\  and  ffurimi  (ind  ffmi^ict  taiHtr, — In  all  const  ruction  wort 
f^L^fjt  Ik  nil's  si  131 11  (istisTiMrl*^  A  fliiv's  uoi'k_  miiiI  im  ^^4>n^^dlan  IitUi!"  shrill  \.»^  *'liJ' 
I)loye<l  thereon.  Tlie  iiii|M>rtatlon  of  foreijjrners  and  laborers  under  contract  to 
j)erforni  lalx>r  in  tlie  riiite<l  States  or  tlie  Territories  or  the  District  of  Coluuibia 
is  prohil)ited.  (Se<".  a7:W,  Kev.  Stat.,  V.  S. ;  act  Aug.  1.  1802.  27  Stat  L..  340: 
sec.  4.  a<t  June  17.  1SM)2,  \\2  Stat.  I...  ,'588;  acts  Feb.  20,  1885.  and  Feb.  23.  1887. 
23  Stat.  L.,  332  ami  414.)  On  all  construction  work  tlie  employment  of  persons 
iniderKoing  senten<-cs  of  lnii>risonnient  at  hard  labor  which  have  been  Imposed 
by  courts  of  the  several  States,  Territories,  or  municipalities  having  criminal 
jurisdiction  is  prohibittHl.     (Executive  order  May  18,  llX)r).) 

8.  IJuf/incrr. — Where  the  word  **  engintn^r  "  is  used  in  the  general  conditions 
or  detail  siKM-ifications,  or  In  the  i-ontract.  It  sliall  l)e  and  is  mutually  understood 
to  refer  to  the  cliief  engineer  of  the  Keclaniation  Service  or  any  of  bis  author- 
izeil  assistants  or  insiMK-tors,  limited  l>y  tlie  particular  duties  intrusted  to  theui. 
The  engineer  shall  iK)iiit  out  to  the  contractor  any  neglect  or  disregard  of  the 
plans,  specitications.  and  general  conditions  of  the  contract.  UiK)n  all  questions 
concerning  the  execution  of  the  work  in  accordance  with  tlie  specifications,  and 
tlie  determination  of  c<)sts,  the  de<-ision  of  the  chief  engineer  shall  be  binding  on 
botli  parties.  Wlien  two  or  more  contractors  are  engaged  on  work  In  the  same 
vicinity  the  engineer  shall  be  authorized  to  direct  the  manner  In  which  each 
sliall  conduct  his  work  so  far  as  it  affects  other  contractors. 

9.  Cf  tut  factor. — Whenever  the  word  "  contractor  "  is  used  It  shall  be  held  to 
mean  the  party,  iirm,  or  cori>oration  with  whom  tlie  contract  is  made  by  the 
United  States,  the  agent  of  this  party  who  may  l)e  appointed  to  represent  him 
in  the  execution  of  th^  work,  or  the  legal  representatives  of  the  contractor. 
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The  foremau  in  charge  of  the  work  will  be  held  to  represent  the  contractor 
during  the  absence  of  the  latter  or  bis  designated  agent. 

10.  Foreman  and  copy  of  plan^,  etc, — The  contractor  shall  at  all  times  keep 
upon  the  work  a  copy  of  the  plans  and  specifications,  so  that  reference  may  be 
made  thereto  by  the  engineer  in  case  of  misunderstanding  or  misconstruction. 
Instructions  given  by  the  engineer  to  the  contractor's  foreman  or  agent  on  the 
work  shall  be  considered  as  having  been  given  to  the  contractor  himself. 

11.  Transportation. — The  contractor  will  afford  opportunity  to  the  engineer  to 
obtain  copies  of  the  expense  bills  for  transportation  charges  on  all  machinery, 
materials,  and  supplies  shipped  to  or  from  the  project  for  use  in  connection  with 
the  work  under  this  contract.  On  most  of  the  western  railroads  reduced  rates 
are  applicable  for  the  trans(K)rtation  of  laborers  employed  by  the  contactor, 
traveling  in  parties  of  five  or  more  to  or  from  the  locality  of  the  work,  and 
allowance  should  be  made  therefor  in  submitting  bids.  Full  information  concern- 
ing these  rates  can  be  obtained  by  application  to  the  engineer  in  charge  of  the 
project 

12.  Local  conditions. — Bidders  must  satisfy  themselves  as  to  the  nature  of 
the  material  and  as  to  all  local  conditions  affecting  the  work,  and  no  informa- 
tion derived  from  the  maps,  plans,  specifications,  profiles,  or  drawings,  or  from 
the  engineer  or  his  assistants,  will  in  any  way  relieve  tlie  contractor  from  any 
risks  or  from  fulfilling  all  the  terms  of  his  (H>ntract. 

13.  Damages. — The  contractor  will  be  held  resiK)nstt)le  for  and  be  required  to 
make  good,  at  his  own  ex|>ense,  any  and  all  damages,  of  whatsoever  nature,  to 
iwrsons  or  property  caused  by  carelessness,  neglect,  or  want  of  due  precaution 
on  the  part  of  the  contractor,  his  agents,  employees,  or  workmen.  He  will 
Ji»>t  allow  any  of  his  agents,  emi»loyees.  or  workmen  to  trespass  uiH>n  the 
premises  or  lands  of  persons  in  the  vicinity  of  the  works,  and  will  discharges 
at  the  request  of  the  engineer,  anyone  in  his  employ  who  may  be  guilt>'  of  com- 
mitting such  damage. 

14.  Drawings  and  specification  requirements. — Any  drawings  or  plans  which 
may  be  listed  in  the  detail  si)eciflcations  shall,  together  with  such  detail  speci- 
fications, be  regarded  as  forming  part  hereof  and  of  the  contract.  The  engineer 
will  furnish  from  time  to  time  such  detail  drawings,  plans,  profiles,  and  s[)eciai 
specificatfons  as  may  be  ne<*essary  to  enable  the  contractor  to  complete  the 
work  in  a  satisfactory  manner.  The  general  (conditions  and  detail  sixH?ifica- 
tions  shall  apply  to  all  work  done  or  material  furnished,  and  shall  control  the 
special  specifications  wliere  the  latter  are  silent.  In  case  of  conflict  in  the 
general  conditions,  the  detail  s|)ecifications,  and  the  si)eclal  s|iecifications,  the 
last  shall  control  in  tlie  particular  work  to  which  they  apply. 

15.  Experience. — Bidders  must,  if  re<iuirtHl.  present  satisfactory  evidence  that 
they  have  been  regularly  engaged  in  the  business  of  constructing  such  work 
as  they  proiH>se  to  execute,  and  that  they  arc  fully  prepared  with  the  necessary 
capital,  machinery,  and  material  to  begin  the  work  promptly  and  to  conduct  it 
to  the  satisfaction  of  the  Department. 

16.  Character  of  irorkmen. — The  <x)ntractor  shall  discharge  from  his  service, 
when  required  by  the  engineer,  any  disorderly,  dangerous,  Insubordinate,  or 
incompetent  person  empioyeil  on  or  in  the  vicinity  of  the  works  under  construc- 
tion by  the  United  States,  None  but  skilled  foremen  or  workmen  shall  be 
employed  on  work  requiring  si>ecial  (lualifications. 

17.  Methods  and  appliances. — The  metliods  and  ai)pliances  adopted  by  the 
contractor  must  be  such  as  will  secure  a  satisfactory  quality  of  work  and  will 
enable  him  to  complete  the  work  in  the  time  agreed  njwn.  If  at  any  time  such 
methods  and  appliances  appear  inadequate,  the  engineer  may  order  the  con- 
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tr&ctar  to  Imprnve  tlietr  character  or  tuc*rea»e  their  efllclenc?*,  anfl  fli^  atm 
miwt  cHjnfi*riu   Ut  mwh  ortTi*r ;  Injt   tlit^  fnHure  of  tli*?  i*ntniit***r  tu    urcTt*r 
iiuj>rin(f*irie(it  (jf  ttietlttMlK  or  hioiH*iist»  of  ettleltTU'y  will  utit  rclEevo  thf  i><*iilrart< 
trtnn  his  olillpitJoriw  li^  iH^rfonn  >?mjfj  vvurk  or  flnisli  it  in  the  tiim*  iiifrkH**!  mio 

IH,  Mtitvt'iul  i}ntt  irfjtk  matt  ship. — All  Qifiterials  iuu8t  Im*  of  tin*  ftiieclfltnl  *im 
Ity  uiul  fnlly  p*ituiJ  to  uppnivtKl  KuiiiiJh^.  wh**»  ttomt44*H  un*  r^iuireiL  Alt  wm 
iuukI  ht«  tloiie  U\  n  tlnmui^U,  wtirkiiunilike  mnuijt*r  hy  iii*K'lirtriifH  KkiUt^il  tu  IM 
viirintiH  trnd«^«  ni^twithwtnudliifs  luiy  omii*»jou  from  the  tlrnwlujp*  or  fijMX'Ific 
tkiiM*:  tiiid  rtuythtnij;  tneiitlontHl  hi  the  sixH'lficjjtionsi  and  not  shown  in  flu*  drai 
Ingsj*  or  ft  how  n  hi  the  dniwUivrw  iind  not  wioutioiiecl  in  thi*  jq>ftiftinitioru*,  tiiu 
be  done  as  though  whtnvii  or  meutiouecl  In  hoth.  All  loiiteriMlw  furnl»ht7d  m 
nil  work  done  shiUl  htf*  hubjoc't  to  rijflrl  iu8i>tM:*tloTj,  and  If  iu4  tn  acxH>rdAai 
with  thff  rt J iMi'ltl cations.  In  the  oi>iiilon  of  the  en^lneett  MiaU  be  uinde  to  (Hjufot 
lliereto.  rnmLtlnfyetory  materhd  will  lie  Feje4.^ted  and  bhal]  be  imru4?<Hi]t«^ 
reni«veil  from  the  preinlm*H»  at  the  vim  of  the  contractor,  if  so  ordere^l  by  tl 
engineer. 

19,  SamitU's, — Thi^  contractor  ahall  submit  Hamples  of  any  or  all  materia 
firoitoiHfd  to  l>e  usf'id  iti  the  work  If  rei|tJlred  to  do  ^o  by  the  enja^neer. 

2l>.  Dp/tri?*.^The  txaitnn*kjr  iihull  not  he  entitled  to  anj'  eomi^miiitloD  fc 
dehiys  cir  hlndriinces  lo  the  work  from  any  causae  whatever.  Extennion  of  Hit 
will  lie  allowetl  fi»r  unjivxilrhihle  detuyn,  !*ueh  \ih  may  result  from  tMUiaea  vrhid 
in  the  opinion  of  the  en^'lm^er,  npi»rt*ve^l  hy  the  Secret ?iry  of  the  !uierior,  m 
undoubtedly  ln."yohd  the  I'untrol  of  the  contractor,  such  as*  aets  of  l^rovhleEid 
fortulh*u>*  eventN,  or  the  like.  If  iuiy  delay  or  hindrance  is  eauseii  hy  Hpeelfl 
luntructlouH  on  the  part  of  the  SeiTetary  of  the  Interior  or  the  eng^tn<?<!n  or  h 
th**lr  failure  to  iilve  M»c*h  iastruetiouH  a«  uiny  lie  tie<'es«ftry.  then  9uc*h  delay  \¥l 
entitle  the  itmfraelor  to  an  exteuHkni  of  time  e%|ulvalent  to  the  time  l(jf4t  by  sue 
ilehiy.  The  roKhieer  musl  receive  fnan  the  ct»ntra<*tor  a  written  not  ire  of  clali 
for  «iieh  delay  before  any  exteuwloii  of  time  will  l>e  allowed*  Any  exteni^ton  « 
tlmt>.  however,  nhall  not  relea**e  Ihe  Huretles  from  their  obllitatlon,  whioh  nhal 
remain  in  full  force  and  effect  until  the  discharjfe  of  contract.  Any  applicatio 
for  an  extension  of  time  must  he  accompanietl  hy  tlie  formal  consent  of  th 
sureties  thereto,  or  other  sufficient  sureties  must  he  furnished  by  the  eontractoi 
Incase  the  contractor  should  fail  to  complete  the  work  in  the  time  agreed  upon  1 
the  contract,  or  in  such  extra  time  as  may  have  l)een  allowed  for  delays  as  here!: 
provided,  the  eujjineer  shall  compute  and  appraise  the  direct  damages  for  the  Ids 
sustainetl  by  the  United  States  on  account  (►f  further  employment  of  engineer 
inspectors,  and  other  employtn^s,  including?  all  disbursements  on  the  engineerin; 
account  properly  chargeable  to  the  work.  The  amount  so  appraised  and  cx)n: 
puted  is  hereby  uji:reed  upon  as  li(piidateil  damages,  and  shall  be  deducted  fror 
auy  money  due  the  contractor  under  ills  contract,  and  the  contractor  and  sun 
ties  shall  be  liable  for  any  excess.  The  decision  of  the  chief  engineer  as  to  th 
appraisal  of  such  danmges  shall  be  tinal  and  binding  on  l)oth  parties.  Any  pre 
visions  in  the  detail  siiecifications  concerning  deduction  for  delay  shall  be  hel 
as  modifying  or  revoking  the  provisions  herein. 

21.  Suspension  of  contract. — Should  the  contractor  fail  to  begin  the  wor 
within  the  time  required,  or  fail  to  begin  the  delivery  of  material  as  provide 
in  the  contract,  or  fail  to  prosecute  the  work  or  delivery  in  such  manner  as  t 
insure  a  full  compliance  with  the  contract  within  the  time  limit,  or  should  an 
question  arise  as  to  whether  or  not  the  contractor  is  in-operly  carrying  out  tb 
provisions  of  his  contract  in  their  true  intent  and  meaning,  at  any  time  dnrin 
the  progress  of  the  work,  notice  thereof  in  writing  shall  be  served  upon  hin 
and  upon  his  neglect  or  refusal  to  provide  means  for  a  more  energetic  and  patii 
factory  compliance  with  the  contract  within  the  time  sijecifled  in  such  notie 
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then  and  iu  either  case  the  Secretary  of  the  Interior  shall  have  the  power  to 
imspend  the  operation  of  the  contract,  and  he  may  take  possession  of  all  machin- 
ery, tools,  appliances,  and  animals  employed  on  any  of  the  works  to  be  con- 
structed tinder  the  contract,  and  of  all  materials  belonj^ing  to  the  contractor 
delivered  on  the  ground,  and  may  use  the  same  to  complete  the  work,  or  he  may 
i^mploy  other  parties  to  c:irry  the  contract  to  compk»tlon.  substitute  other 
machinery  or  materials,  i»urchase  the  material  contracted  for  in  such  manner  as 
he  may  deem  proper,  or  hire  such  force  antl  buy  sucli  machinery,  tools,  appli- 
ances, materials,  and  animals  at  the  contractor's  ex|)ens4»  as  may  be  nei'e^jsary 
for  the  proper  conduct  of  the  work  and  for  flnishinR  it  iu  the  time  agreed  upon. 
Any  excess  of  cost  arising  therefrom  over  and  above  the  contract  price  will  be 
charged  against  the  i-ontrac'tor  and  iiis  sureties,  who  shall  l>e  liable  therefor. 
The  failure  to  order  improvement  of  methods  or  increase  of  force,  plant,  or 
efliciencles  will  not  relieve  the  contra<'tor  from  his  obligation  to  i^erform  good 
work  or  finish  in  the  time  agreeil  u|M»n. 

22.  Climatic  cimditiotiM. — The  engint^er  may  order  the  contractor  to  suspend 
any  work  that  may  be  damaged  by  inclemency  of  the  weather  or  other  climatic 
conditions  (as,  for  example,  excessive  cold  or  beat),  and  due  allowance  shall 
be  made  to  the  contractor  for  the  time  actually  lost  by  him  on  account  of  such 
suspension. 

23.  Changes. — The  Secretary'  of  the  Interior  reserves  the  right  to  make 
such  changes  in  the  si»eclflcations  of  work  or  material  at  any  time  as  may 
be  deemed  advisable,  without  notice  to  the  surety  or  sureties  on  the  N>nd 
given  to  secure  compliance  with  the  contract,  by  adding  thereto  or  deducting 
therefrom,  at  the  unit  prices  of  the  contract,  or  at  such  allowances  for  changes 
of  materials  as  shall  be  deenuHl  just  and  reasonable  by  the  engineer,  whose 
decision  shall  be  binding  on  lK)th  partif»s.  The  right  to  make  material  changes 
In  the  quantities  listed  in  the  proi)osal  is  an  essential  part  of  the  inintract, 
and  bidders  must  make  their  estimates  acctirdingiy.  Should  any  change  be 
made  in  a  particular  piec-e  of  work  after  it  has  bc»en  commenced,  so  that  the 
contractor  Is  put  to  extra  exiK?nse,  the  engineer  shall  make  reasonable  allow- 
ance therefor,  which  action  shall  Ik»  binding  on  lH)th  parties.  Extra  work  or 
material  will  be  paid  for  as  hereinafter  provi(le<l. 

24.  Extra  work  or  matrrial. — P^xtra  work  or  material  of  a  character  not 
provided  for  in  the  si>eciflcations.  if  ordered  in  writing  l>y  tlie  engint»er,  will  Ih» 
paid  for  at  actual  ne<t»ssary  <-ost,  as  detennined  l)y  tlie  <Migineer,  pins  ir>  per 
cent  for  profit,  sujierintendence.  and  general  exjienses.  Tlie  <*ost  of  extra  work 
shall  Include  all  materials,  ialnir.  anil  fuel  furnisheil  l>y  tlie  contractor,  but 
shall  not  include  use  of  t<M)ls  or  nia<-lnnery,  ofli<-e  expenses,  general  suiM»rinten- 
dence,  or  other  general  exiMMises.  Demand  for  payment  nuist  lx»  made  in  writing 
by  the  contractor  promptly  \\\k)u  tlie  completion  of  the  extra  work  or  furnishing 
of  the  extra  material.  The  account  iii<inding  the  same  must  be  accompanied  by 
the  certificate  of  the  engiiRMM*  that  such  work  has  been  satisfactorily  i>erformed 
or  the  material  furni.sheil,  stating  tlie  amount  to  be  allowcMl  therefor. 

25.  Structural  difficulties. — Shouiil  stru<tural  dillicnities  prevent  the  ex<Hni- 
tion  of  the  work  as  descril>ed  in  the  plans  ami  speclti<'ations,  necessary  devia- 
tions therefrom  may  lx»  i)erniitte<l  by  the  engineer,  but  must  be  without  addi- 
tional cost  to  the  United  States. 

2t>.  Inspection  of  icork. — The  engineers  and  inspectors  apiM)lnte<l  by  the  Secre- 
tary of  the  Interior  shall  at  all  times  liave  the  right  to  Inspect  the  w()rk  and 
materials.  The  contractor  shall  furnish  su<*h  persons  reasonable  facilities  for 
obtaining  such  Information  as  they  desire  respfM-tliig  the  progress  and  manner 
of  the  work  and  the  character  of  the  material,  including  all  inforiiiation  net*es- 
sary  to  determine  the  cost  of  the  work,  such  as  the  number  of  men  employed, 
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und  sutl!c*ient  Buretit*s.  wUirli  tin*  nrntnu'trir  hIhUJ  funilt^h  h*  iiw  f^ntlmrncttfi 
thnt  offlff^r  wffhiii  tt*n  dnyM  »ftiT  nuticv,  nml  In  tfi^fnult  tlK»ro*>f  thf  ctjittfi 
may  i>e  animlltNl  Ijy  tlit>  H<*i'n*tKry  of  tlu*  Iiiti*rUii"  and  tin*  wiirk  c-nrrlcil  tot 
pi pt ( vm  1  li  t  ho  ni H  iinor  J ir^ J V I rt o(l  I  h  f  ho  <H>ii t ra I ■  t 

ij,  Tnirtitf€f's, — Tran^ii'er  of  n  oontraH^  ^r  r>f  nuy  liitoivstl  tlit*rt4^lG(  firoJil 
hy  law. 


i 


I 


7-  Klfjht-haitr  tnti\  nnfl  fweffjn  nnd  t^mvivf  labor, — In  nil  wrnKtruotlon  wa 
i*{\Shi  liuiH'H  s*haU  iHHistitTitt*  a  Uay's  wi>rk*  ami  no  Montfollnu  latH>r  ttliall 
MiH>l*iyt'd  tljertHiu.  The  imiKjrtntUaj  of  foiv!>cJit*rH  hjmI  iHlKirH's  uialer  iTjiitm 
to  jn*rform  InlwH*  In  flif  UiiltPfl  Stalets  t»r  Terr!t«ri(»s  i>r  iUv  UUtrU't  at  iyAxtmh 
\H  prohihlUHi.  (Spc.  ni'AK  Hev.  Slftt.,  IL  fi  ;  nf*t  of  Ang.  T,  mUl,  27  Stwt.  U,  M 
si*f,  J,  at't  June  17.  ia«>2,  :?1*  Stat  L.,  :WS ;  acts  Fob.  2a  1885,  ami  F<4i.  2:i  IIS 
2'{  Stat.  L.,  332  ami  4H.J  On  uU  onifltructU^n  work  the  i^niifloyniiMH  c»f  fHTiiCK 
tltalergiilni^  H^HilenreK  of  iaipri^rniniont  ul  ii:iri)  Itibra*  wUlrli  haw  br^tt  iaiprifi 
by  nmrN  tjf  tbi*  ju'vpral  State's,  'rprrltorU^s,  or  jmuihlimlitbw  havliijir  tTladn 
JiirUi^lb'tioij  Is^  jtroblbHotl.     (Kxt^t'titlvp  i.»nb*r  May  IS.  IJmiTm 

S,  F^fiffifti'*r.—\\hi^n'  th**  word  *' enjrim^er"  1^**  nst^l  m  the  ^'imt^ral  c?ondlUo] 
or  itotiiM  wiH't'lMfiitirmw*  or  In  thi*  ctintna'l,  H  wball  1it»  tnn]  \h  mutu«Hy  iitKk<^r!>ttiM 
tti  rt^for  to  I  be  tbU*f  fn(^iiit*fc  of  the  Itin  lunuU  lou  St^rvk-e.  or  any  of  hln  antho 
f5!i>il  aa?*l!>!tHnt«  or  in«iM*<'to^'»,  lluiitt*^  by  the  iiartb  iiJar  d«tb.*«  IntniKte^l  to  thf^ 
The  en^hiper  8bn][  j>iibn  md  iu  (lie  mivtrai'tor  any  uegkvt  or  dl^rt>giiiid  i>t 
fspeclJb'atbnjti  ami  jjent^rnJ  nauUtloiiN  of  the  i^ontnieL 

IX  fVj^ifrtfrlo/:-- Whenever  Ibe  wiird  **  tontm-tiir  *'  Ir  nKt»d  U  nUnU  Ik*  belrtl 
mHtn  tbi'  J  airly,  Drm,  or  conMirfHlou  uHb  wtiom  tbo  e<mtrnrt  Iw  nnn1e  by  U 
rnltet.1  States,  ttie  agent  of  iblw  party  wim  imxy  l>e  ai>jMdniiHl  to  ni^reseiit  hh 
in  the  ext^-ntbai  of  the  work,  or  tbi*  l<%'iiJ  ma'i'jiLMitativeH  ut  the  t'unlraetii^ 
The  foreman  tn  fharge  of  the  work  will  la?  beb1  to  n»pi*eseiit  the  coutru<*tor  du] 
Ing  the  absence  of  the  latter  or  Ills  designated  agent. 

1(3.  KxperiHf'  hills. — Contractors  shall  afford  opiH)rtnnity  to  the  engineer  t 
obtain  copies  of  the  ex[K»nse  bills  for  transiK)rt}ition  charges  on  all  nmchinerj 
nuiterials,  and  snpi)lies  shipped  to  or  from  the  jiroject  for  use  in  eonnectioi 
with  the  work  nnder  this  contract. 

11.  Damages. — The  contractor  will  be  held  responsible  for  and  be  requirei 
to  make  good,  at  bis  own  expcns<»,  any  and  all  damages,  of  whatsoever  naturt 
to  j)ersons  or  prop<»rty  caused  by  carelessness,  neglect,  or  want  of  due  preeau 
lion  on  the  i)art  of  the  contractor,  bis  agents,  cmploye*»s,  or  workmen.  11 
will  not  allow  any  (►f  bis  agents,  employiH's,  or  workmen  to  trespass  ut>on  tb 
preudses  or  lands  of  iiersons  in  the  vicinity  of  the  works,  and  will  discharge 
at  the  reijnest  of  the  cnginei'r,  anyone  in  bis  employ  who  may  be  guiltj*  o 
comndtting  such  damage. 

12.  Specification  requiremeuts. — The  general  conditions  and  detail  siwoif 
cations  shall  apply  to  all  material  furnished,  and  shall  control  the  si>e(*ia 
s|>ecifications  where  the  latter  are  silent.  In  case  of  conflict  in  the  general  cor 
dltions.  the  detail  si)ei-ifications,  and  the  special  specifications  the  last  sha 
(M)ntrol  in  the  particnbir  work  to  which  they  apply. 

13.  Character  of  workmen. — The  contractor  shall  discbarge  from  his  service 
when  required  by  the  engineer,  any  disorderly,  dangerous,  insubordhmte.  c 
Incompetent  pei*son  employeil  on  or  in  the  vicinity  of  the  works  under  eoi 
struct  ion  by  the  United  States. 

14.  Material. — All  materials  must  l>e  of  the  specified  quality  and  fully  eqin 
to  approved  samples,  when  samples  are  required.     All  materials  furnished  sha 
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be  subject  to  rigid  inHiKM-tlon,  and  If  iiot  in  aoeordanoe  with  tbe  siieolficntions. 
in  the  opinion  of  the  engineer,  shall  be  made  to  conform  thereto,  rnsatisfactory 
material  will  be  rejected  an<l  shall  he  immediately  removed  from  the  i>remi8es, 
at  tlie  ct)8t  of  tlie  contractor,  if  st>  ordere<l  by  the  enginet»r. 

15.  Hamptes. — The  contractor  shall  submit  samples  of  any  or  all  materials 
to  be  furnished  if  required  to  do  so  by  the  engineer. 

liJ.  Delays. — ^The  contractor  shall  not  Ik»'  entitled  to  any  c*ompensation  for 
delays  or  hindrances  from  any  cause  whatever.  Extension  of  time  will  be 
ullowe<l  for  unavoidable  delays.  su<'h  as  may  result  from  causes  which,  in  the 
<>I)luion  of  the  engineer,  approvetl  by  the  Secretary  of  the  Interior,  are  undoubt- 
otlb'  l)eyond  tbe  ("ontrol  of  the  t-ontractor.  such  as  acts  of  Providence,  fortuitous 
events,  or  the  like.  If  any  delay  or  hindrance  is  caused  by  sjiecific  instructions 
on  the  part  of  the  SiHTctary  of  the  Interior  or  the  engine(»r,  or  by  their  failure 
to  give  such  instructions  as  may  be  ne<-essary,  then  surh  delay  will  entitle  the 
contractor  to  an  extension  of  time  equivalent  to  the  time  lost  by  such  delay. 
The  enginet»r  must  riM-eive  from  tlie  crmtractor  a  written  notice  of  claim  for 
such  delay  before  any  extension  of  time  will  be  allowed.  Any  extension  of 
time,  however,  shall  n()t  release  tlie  sureties  from  their  obligation,  which 
shall  remain  in  full  f(»rce  and  effe<*t  until  the  discharge  of  contract.  Any  ai)pli- 
cation  for  an  extension  of  time  must  l>e  acconipanitHl  by  the  formal  consent  of 
the  sureties  thereto,  or  other  suflicient  sureties  must  lx»  furnished  by  the  con- 
tractor. In  case  the  contractor  slionld  fail  to  complete  the  contract  in  the  time 
agreefl  uiwn.  or  in  such  extra  time  as  may  have  l»een  allowtnl  for  delays  as 
herein  provided,  the  enginet»r  shall  compute  and  appraise  the  dire<*t  damages  for 
the  loss  sustained  by  the  I'nlteil  States  on  acn-ount  of  further  employment  of 
engineers,  inspectors,  and  other  employet»s,  including  all  disbursements  on  the 
engineering  account,  pro|»erly  (»hargeable  to  the  contract.  The  amount  so 
;ippralsed  and  t?omputetl  Is  hereby  agreetl  ujion  as  liquldateil  damages,  ami 
sliall  be  deducted  from  any  money  due  the  contractor  under  his  contract,  and 
the  <"ontractor  and  sureties  shall  lie  liable  for  any  excess.  The  ilecision  of  the 
chief  engineer  as  to  the  appraisal  of  such  damages  shall  be  final  and  binding 
on  both  parties.  Any  i>rovisioiis  in  the  detail  siKM-ifications  con<*erning  de<luc- 
tion  for  delay  shall  be  bold  as  nHMlifying  or  revoking  the  provisions  herein. 

17.  Sitspnt.sion  of  vuntravt. —  Should  the  contractor  fail  to  iicgiii  tlie  delivery 
of  material  as  providcnl  in  tlie  contract,  or  fnil  to  prosecute  tlie  delivery  in 
such  manner  as  to  insure  a  full  <*oiiipliance  with  tlie  contract  within  the  time 
limit,  or  should  any  question  arise  as  to  wlietlier  or  not  tlie  contra<*tor  is 
l>roi>erly  carrying  out  tlie  |)n>visions  of  lii^  contra<'t  in  tlieir  true  intent  and 
meaning,  at  any  time  (luring  tlie  progress  of  tlie  delivery,  notice  thereof  in 
writing  shall  be  servcnl  ui>on  him.  and  upon  his  neglect  or  refusal  to  provide 
means  for  a  more  energcti<-  and  sati><fnctory  ciinipliance  with  the  contract 
within  the  time  s|KM'ifi*Hl  in  sucli  notice,  tlien  and  in  eitiier  case  the  Se<Tetary 
of  the  Interior  shall  have  the  jjower  to  suspend  the  oi)eratioii  of  the  contract, 
or  he  may  employ  otlier  parties  to  carry  the  contract  to  completion,  suiistitute 
other  machinery  or  materials,  or  purchase  the  material  contracted  for  in  such 
manner  as  he  may  deem  ja-oper.  Any  cx<-css  of  cost  arising  therefrom  over 
and  al>ove  the  contract  price  will  be  <hari:ed  against  the  contractor  and  his 
sureties,  who  shall  be  liable  therefor. 

18.  Inspection. — The  engineers  and  InsiKM-tors  ai>iH>inte<l  by  the  Secretary  of 
the  Interior  shall  at  all  tinu»s  have  tli<'  right  to  iiis|MH't  the  materials. 

19.  Error/t  and  omissiotis. — The  contractor  will  not  be  aIlowe<l  to  take  advan- 
tage of  any  error  or  omission  in  tlu»se  spcH-incations.  jis  full  instructions  will 
always  be  given  should  such  error  or  omission  1k'  dis<*ovenxl. 
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2(^  Claims  far  mtrk  and  moteriaL^Th^  i-ontrtn'tor  shall  promptly  make  t 
iiiPiitB  tfi  nil  (HTK4H1S  isiiiiplylii^'  bilMir  jitid  mjiteiiiil?a  in  tli*^  pnis^tH'Ulioti  of 
ivorlc,  11  ml  n  ffiihlllldii  ill  tfil^  et(f\*t  ^^IihII  1«*  JinH>r(i<>nitt«l  tn   Uw    lioinl 
irivpii  l\v  tho  o(jiitrnftt*r»  In  r>i*»*^uniu*t*  nf  ibt*  lul  i^f  tVntgrw^s  B|ii>n>v«vl 
1*'^,  1894  12S  Stut.  L,,  ilTH),  iiml  rti^tw  JiiimhiUUory  tUt'TOiif. 

21.  FaiimeulM.^Tlh^  imymmiH  tJm*  MhfjIL  Ik»  tmnh^  to  the  t^ntraetor  llfj 
j*ff&eiitHtioii  of  jirojwn'  ru'raiintp,  |irf>rmrfHl  by  the  onglrif*er  niid  upprftrrtl 
t'lilt*f  f*iiiri titter,  ItL  n*ii»rdan('t*  with  tlit^  iH*<niwioiij^  nmcU*  therefor  ntid  [M*riat& 
to  tbi*  {i:rutnirt.  Wlii'ti  nil  thi>  iinitiMiril  Iuih  \m*n  dcNvfrtHlt  to  the  sntliifitfi" 
of  ttu^  fUlef  rii^hu'i'f.  siriil  wbinj  sl  ri'Lca^o  of  nil  flnlitiB  jijE^nhi^t  ttie  liitli 
Ktrttos  oil  iM^i'oai;!  lif  tJiP  iH>atrnrl  nbnll  hnve  bi^eu  ex^uted  by  tlit*  L^mlmet 
It  I  lu  I  1  111  y  II I  t'j  1 1  of  the  1  m  hunt'  due  w  I H  1  >e  iiiiKle. 


n  of 

iiti  ta 


KEPditT  or  ii\Dno<;nArnf:K8  on  stream  measu 

MENT8, 

iNTRuprcrmii, 


i 


The  aecond  nnnnal  coiifFrtniw  of  eastern  hydrogrH|>h**r.<  wn^  he] 
ill  WMsliin^oTi  Jmmun'  *\  to  lii,  iarliisivis  11*05,  in  ronnt*c'ti<m  wii 
tho  rt  Hi  ft' re  nee  of  the  reehiinntinu  engineers.  It  wa^  atteiicU'd  by  tl 
men  niiuu^d  U^Iow; 


i 


Mpflmm'ftph^rtt.^R.  E.  Horton.  M.  TL  Hnn,  T.  V.  Taylor. 

"Knfjirtetfns.-^U.  K.  Barrows.  A.  H.  Hortrpn,  E,  Jolin^ton,  jr.»  Jalin  i\  HoyU 
Mni^phy,  N,  i\  rirev*?r. 

AJi^inttntt  tytttfhfCt^rs.^H.   K,  Clapp,   F.   W.    Unnna,   Roljcrt   FollauMl>c*e.   F. 
t're.sst^y.  .).  M,  <aie«.  W.  K,  S^tewarrt,  C.  C  CViverr.  H.  E.  BoNter,  il.  J  I.  Bliwi. 

Erti/ineeritift  nhiM.—W.  E.  I  hill.  II.  L.  Eiiiiit^,  F.  II.  UaHey,  H,  M.  Morse,  11. 1 
I'otiiHtock. 

The  following  subjects  were  diweii^ised : 

Winter  ret*fjrrls  fur  inirreiit- meter  piiJ^Lng  stations^ 

(in  ires*. 

The  maintennnf'e  of  iiermanent  ri^tT  kIsiIIohh. 

E(Tet:'t  nf  s^rnss  on  Htr#*am  f?a^Snj:cs*. 

Curves  i>f  uiean  vehwily  :>nil  r>f  aren, 

♦Sf'C'oniliiry  or  *'  henfh-tniirk  "  stiUiftn^. 

iJniitsMf  arrnniry  In  reiKitUn^  (iisthjir;;r  ini-nsureaieiits  In  construetlni?  rati 
tjihh^s  and  In  aii[Uyhnr  ijn^e  hcl^ht^ 

>Tf'tlknrls  of  eoutUin^  ^eeomLs  aud  ivvulutions  in  nuikiu^  low -water  uieanui 
nientH. 

lienrh  marks. 

Eiiiitranent  for  oablo  stations. 

(*o!i;t  of  fitHNUM  ffaKhrji, 

The  sjiHly  of  data  by  loral  aiftiL 

The  work  of  the  <*^an]intjri^  wuthm. 

KvjjuoratioiiH 

Ilydrographlc  pizotteor. 

During  one  session  of  the  conference  Dr.  II.  C.  Frankenfield.  of  tl 
Weather  Bureau,  explained  the  river  work  carried  on  under  h 
direction. 
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RECX)M  M  ENDATIOXS. 

As  a  result  of  the  discussion  the  conference  made  the  following 
recommendations : 

Watch  for  vse  in  stream  gaging. — It  is  recommended  that  an  effort 
be  made  to  obtain  a  watch  having  a  second  dial  of  the  full  size  of  the 
watch  face  and  subdivided  into  50  parts,  the  second  hand  making  one 
complete  revolution  in  50  seconds,  and  the  advisability  of  introducing 
such  a  timepiece  in  our  work  be  considered. 

Meters  and  metei'  ratings, — Inasmuch  as  the  results  of  our  work 
depend  so  largely  on  the  meter  used,  and  considering  the  large  cost  of 
the  work  done  with  the  individual  meter  compared  with  the  cost  of 
constructing  and  rating  the  same,  it  is  the  opinion  of  the  conference 
that  too  great  care  in  studying  these  instruments  and  in  maintaining 
them  can  not  be  taken.  In  this  connection  the  conference  has  been 
especially  interested  in  Mr.  Steward's  ball-l)earing  meter  and  in  the 
designs  for  the  rating-station  recording  device. 

It  is  believed  that  the  meter  is  capable  of  giving  consistent  results 
at  stations  where  the  velocity  is  less  than  0.50  foot  jxt  second,  which 
is  admitted  to  be  as  low  as  the  meters  are  now  rated,  with  a  fair 
degree  of  accuracy. 

It  is  therefore  recommended  that  each  meter  be  accurately  rated  to 
as  low  a  velocity  as  the  wheel  is  capable  of  turning  with  an  even 
motion.  In  order  that  this  may  Ik»  properly  done,  it  is  further 
recommended  that  steps  be  taken  to  construct  in  the  near  future  at 
Washington  a  new  meter-rating  station,  and  that  it  l)e  equipped 
with  Mr.  Steward's  recording  device.  It  is  believed  that  if  possible 
this  station  should  be  so  constructed  as  to  be  of  use*  both  during  the 
summer  and  winter  periods,  and  that  a  special  channel  should  be 
built  of  sufficient  size  to  serve  for  this  purpose,  so  that  the  rating  can 
l)e  made  under  constant  conditions. 

The  ball-bearing  met<M\  designed  hy  Mr.  Steward,  will  probably 
be  a  step  toward  the  improvement  of  our  current-meter  work,  and 
it  is  urged  that  steps  be  taken  to  have  constructed  for  exiK?rimental 
purposes  at  an  early  date  a  meter  of  this  type. 

Furthermore,  it  is  believed  that  a  careful  study  of  the  l)ehavior 
of  current  meters  should  be  made  and  that  they  should  Ik»  rated  as 
they  come  in  from  the  field,  in  order  to  determine  the  change  which 
has  taken  place  during  their  use.  It  is  therefore  recommended  that 
j^teps  be  taken  to  facilitate  the  continuance  of  this  work  so  that  the 
above-mentioned  results  may  Ix*  obtained.  It  is  further  reconnnended 
that  an  electric  meter  be  constructed  that  will  record  5,  10,  or  20 
revolutions,  for  use  in  making  flood  measurements. 

Anmud  report, — The  general  attitude  as  regards  the  annual  report 
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im  the  pro^\s»s  of  strt^ani  !nt*ii>^ui\Miit*iit.s  should  W  mm  of  giii 
ctmsorvatisfii  in  publihlung  t^stimate.  All  fact^  coHei*tei1  dur 
the  yviiv  shfuihl  bf*  puliliKhi^fl  in  the  Hnniuil  report  for  that  year* 

No  estiuiattis  uf  ilii^ohnrg**  sit  n  station  for  any  nnit  <jf  tinie  shfl 
h^  piiblishotl  iiiilil  s^irflk'ieril  t-nrnHit-iuetxT  tiKm-siiremt^tit^  hiivi*  h 
marie  to  rovtT  tlu^  onjinary  limits  of  frn^(*  hoi^hts. 

No  estiniati^s  u(  <lisfliarp%  as  (mkIiikm)  ubovu,  shoiiUl  tie  public 
v^ccept  hi  tht*  case  of  Htations  with  i'haiigeal>li^  IkmIs.  ■ 

Until  estinnitrs  of  <li^rhartrf'  niu  Im^'  »ia<k%  as^  outlined  &boin^ 
fhit^  pnblisheil  n^giirdini^  a  gaging  illation  ^hnntd  Ix-  HubstMtli 
as  follows; 

( a )  De:^ r i  pt  i on  of  st a  t  i on ,  tx* i \ eh  m  n  r k s,  ot  v , 
{h)   List  of  cliftrhargc*  nii*aHUi't*uu^iit,s  to  tJate, 

(e)  List  of  daily  gag**  lu*igfits  for  tht*  year, 
Th**  gt*ni*ral  oiitlin*^  fur  data  reganling  stations  at  whi 

t'urves  a  IT  snitiibly  dfvel<ipiMl  should  U^  siihstuutially  as  follows^ 
the  first  year: 

(Vt)    Dtf-scHiitinu  of  station,  Ihmh-Ii  umrks,  etc. 

(b)  List  of  disi*liarg**  njt*asnit*ni<*nt^^  to  date, 
(r)   List  of  daily  gagi^  height,^  for  the  y^^r* 
((f)   Rating  tablr  fni-  station, 
{e)   Daily  discharge  fr»r  the  two  or  ni<a*e  years,  where  m 

mates  apjK'ar  to  Ih*  dr*sinii>h^ 

(/)  Table  of  nicum  monthly  diseliarge,  ete,,  for  the  two  ^ 
years. 

After  the  first  year  of  pnblislung  diseharge  estimates  data  fo 
station  shall  Im*  sijbstniiliidly  as  follows: 

(a)    Description  of  sliitioo,  l»en(*h  niarks^  etc, 

(6)    List  of  discharge  nn^asnrenients  to  date* 

(r)    List  of  daily  ^t^^i^  heigh*  s  for  thi*  year. 

(d)   Kilting  tnbl*^  (ov  shit  if »n,  iiidi rating  changes  or  additions. 

(f)  Daily  discharge  for  the  year,  where  snch  estimate.s  appeal 
be  desirable. 

(/)  Mean  monthly  dist^harge.  ^t<\.  for  the  3*par. 

It  is  recognized  that  there  will  Im^  exceptional  cases  where  it  ^ 
ho  inadvisjd>lc  to  adlirn*  ch>sely  to  the  fc^n^giMng  rei|nirements^ 
example,  where  teniporaiy  stations  are  maintained  for  special  f 
poses — and  it  is  intended  that  the  course  of  procedure  in  such  a 
be  left  to  the  judgment  of  the  various  district  hydrographers. 

The  annual  report  of  progress  of  stream  measurements  should  h< 
after  be  published  in  several  volumes,  each  one  of  which  should 
devoted  to  one  or  more  adjacent  and  complete  drainage  basins,  1 
as  far  as  possible,  divided  so  as  to  make  the  work  of  each  dist 
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hydrographer  in  a  separate  volume  or  volumes.  Each  part  of  the 
annual  report  should  be  published  under  the  name  of  the  hydrog- 
rapher whose  work  comprises  the  greater  portion  of  said  part  and 
the  name  of  the  party  who  has  charge  of  the  editing  and  computa- 
tions in  the  Washington  office. 

It  is  furthermore  recommended  that  arrangements  be  made  whereby 
parties  asking  for  sti*eam-measurement  data  shall  be  supplied,  when 
such  requests  are  made,  with  the  gage  heights  and  discharge  measure- 
ments to  date.  Furthermore,  that  a  circular  letter  be  prepared  stating 
that  owing  to  the  large  amount  of  work  carried  on  in  the  hydro- 
graphic  branch  it  will  be  impossible  for  the  office  to  furnish  advance 
estimates  of  rating  tables  and  flow. 

Maintenance  of  stations  dnring  winter  months, — ^Wherever  possi- 
ble the  permanent  stations  of  the  Survey  should  afford  continuous 
records,  both  winter  and  summer,  and  no  estimates  of  discharge 
should  be  made  for  ice-covered  streams  without  discharge  measure- 
ments made  during  the  ice  season. 

Especial  care  should  be  taken  in  selecting  meter  stations  to  secure 
i^ites  where  as  good  winter  records  as  possible  may  be  obtained. 

The  hydrographers  may  profitably  record  and  report  at  the  end 
of  the  present  winter  certain  general  facts  regarding  ice- conditions 
in  their  territory,  so  that  we  may  better  understand  the  nature  and 
magnitude  of  the  ice  problem.  A  brief  statement  should  be  made 
for  each  gaging  station,  stating — 

(a)  The  duration  of  the  ice  season. 

(6)  Whether  the  stream  freezes  clear  across. 

{c)  Whether  the  ire  is  persistent,  or  comes  and  goes. 

(d)  Whether  anchor  ice  forms;  and  if  so,  how  it  occurs. 

(e)  Whether  the  ice  surface  is  smooth  underneath. 

(/)  Whether  winter  gage  readings  are  made  daily  or  weekly. 

(g)  What  is  the  maximum  ice  thickness. 

(A)  Whether  it  is  feasible  to  measure  the  discharge  through  the  ice 
at  this  station. 

(i)  AVhether  the  water  rises  to  uniform  depth  in  ice. 

It  is  recommended  that  observers  take  winter  gage  readings  to 
water  level  as  it  rises  in  a  hole  chopped  in  the  ice. 

A  rubber  stamp  bearing  the  words  '*  Report  thickness  of  ice  at 
gage  "  may  be  used  and  a  special  heading  stamped  on  the  regular 
weekly  gage  cards  for  stations  where  there  is  but  little  ice. 

Where  weekly  readings  only  are  required  in  winter,  or,  supple- 
mentary to  the  regular  cards,  a  card  form  as  follows  may  be  used : 

IBB  146—05  M 14 
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OBSERVATIONS   OF   RIVER   HEIGHT^  ETC.,  DURING    THE    FROZl 

SEASON, 


Hftde  on  the  .  .,,-*,,_ ,_., River, 

ne&r ?._....  ..poet  office,  State  of  _ , , . . . 


Day  of  '  Mouth, 


D*y. 


Time  of 
dfty. 


Oftff«  h^bt 


Water 


I  Tlilek^ 
'  ftoasof 
Top  of        itXMt 


la  space  b«low  put  rwrnftt-kHiia  to  dOfJjor  k'p*  iM^mdUtloii  of  ii?«.eU:« 
Mark  on  thw  sketch  tlie  t^jEtetit  to  w^biclj  the  river  ia  ffrwe©,  bfitlt 
it  ttia  Htatiuit  and  atjoTH  an^^l  'hvlow  the  etatJoti,    Put  fiifurea  ott 
aketch,  ahowiae^  ic«  thicknassEi  at  othvr  places^  thau  at  gage,  SA 


TF  ST&ILIM. 


.men). 


.Obeervier, 


DOWN   BTEEAU. 


1;^ 


It  is  recommended  thnt  the  northern  liydrographers  make  care 
< observations  on  one  or  two  important  rivers  the  present  winter,  w: 
spet'ial  reference  to  fletemiiniii|r: 

(it)  Practical  n^ethods  of  ice  mea:^i(rements. 

(b)  The  nature  of  flow  under  ice. 

(e)  The  vertical  velm^ity  curves  under  ice. 

(rf)  The  relation  i>et\VLHui  ice  How  and  free  flow  at  various  stages, 

(e)  ^^^lether  a  constant  or  any  genera!  deductions  can  be  made. 

(/)  The  liniitatioiiH  of  successful  ice  nicasin-ement. 

It  is  recommended  that  a  eon^nittl^^  consist in^r  of  Messrs,  Barron 
Horton,  and  Murphy,  be  appointed  and  em|>owered  to  compile  at  t 
end  of  the  present  winter  season  the  data  alxive  outlined  and  form 
late  plans  for  next  season's  work. 

Accuracy  of  compntations. — The  following  rules  relative  to  ace 
racy  of  compntations  were  adopted  : 

The  highest  degree  of  precision  consistent  with  the  rational  use 
time  and  money  is  imperative. 

All  items  of  computati(m  should  be  expressed  by  at  least  2  and 
uot  more  than  4  sipiifirant  tignres. 

Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  dischar 
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curve  whose  per  cent  of  error  is  5  times  the  average  j>er  cent  error  of 
all  the  other  measurements  should  be  rejected. 

In  reducing  the  number  of  significant  figures,  or  the  number  of 
decimal  plmces^  by  dropping  the  last  figure^  the  following  rules  apply : 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop 
it  without  changing  the  preceding  figure.  Pixample:  1,8'^7.4  becomes 
1,827. 

(h)  When  the  figure  in  the  place  to  he  rejected  is  greater  than  5, 
drop  it  and  increase  the  preceding  figure  by  1.  Example:  1,827.6 
becomes  1,828. 

(c)  When  the  figure  in  the  place  to  he  rejected  is  5,  and  it  is  pre- 
ceded by  an  even  figure,  drop  the  5.     Example:  1,828.5  l^ecomes  1,828. 

(rf)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  pre- 
ceded by  an  odd  figure,  drop  the  5  and  increase  the  preceding  odd 
figure  by  1.     Example:  1,827.5  becomes  1,828. 

In  constructing  and  applying  rating  tables  a  maxinumi  limit  of 
one-half  of  1  per  cent  error  should  seldom  be  exceeded. 

REPORT  OF  COMMITTEE  ON  WATER  IiAW8  AND  FORMS  OF 
WATER  USERS'  ASSOCIATIONS. 

The  committee  held  several  sessions  with  other  engineers  present, 
and  discussed  the  subjects  within  their  province  at  s(>veral  general 
sessions.  Various  phases  of  the  water  laws  under  consideration  by 
the  several  States  were  discussed  and  suggestions  made  as  to  the  most 
desirable  forms,  so  far  as  the  operations  of  the  Keclamation  Service 
are  concerned. 

Among  the  questions  presented  were  forms  of  water  users'  asso- 
ciations and  the  forms  for  application  for  water  right  under  the  pro- 
visions of  the  reclamation  act. 

Amendments  to  the  printed  form  of  articles  of  incorporation  of 
water  users'  associations  were  considered  by  the  committee  and  dis- 
cussed in  general  sessions  of  the  engineers.  An  amended  copy  of 
the^e  articles  was  submitted  to  the  chief  engineer,  with  the  recom- 
mendation that  a  new  edition  be  printed. 

The  main  subject  of  discussion  was  the  form  of  water-right  appli- 
cation under  the  provisions  of  the  reclamation  act.  This  discussion 
was  based  largely  upon  the  report  of  a  conunittee,  consisting  of 
Messrs.  Savage,  Bien,  and  Means,  to  the  conference  at  Kl  Paso,  upon 
the  classification  of  lands  into  farm  units  and  the  water  supply  to  be 
furnished. 

A  form  of  application  for  water  right  was  presented  to  the  com- 
mittee and  to  the  general  sessions  of  the  engineers  and  freely  dis- 
cussed. Copies  of  two  forms  of  water-right  application,  drawn  so 
far  as  possible  to  meet  the  views  of  the  engineers  present  at  the  con- 
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feiYiiris  HH*  lit*n*to  ujjfK'iidoiL  ami  have  been  submitted  to  this 
t4iry  of  the  Interior  for  his  iippmval, 

Thi*  qiies^tioii  ijf  whnl  s]n»uhl  i)v  n^gnrthn]  as  renidern'o  in  tin*  mM( 
hnrhofMl  af  tht^  land  receiviHl  s[xn'iH[  attrition  »it  a  iiniiilKT  of  mt 
ingH,  as  weil  rb  the  rn<^thod  of  meeting  thi*^  condition  in  thi»  ap[*li 
turns.  As  11  ^udo  for  sndi  limit  t!ie  distam-**  of  10  miUvs  sc^erticKit 
the  opiiiton  of  most  tif  tho  rngimM*i>5  f>n\s*uit,  to  Jm?  a  reasona 
maxinnnii  for  h  ooiiiitry  comparatively  flat  and  in  whirli  tmv^l 
eahsy.     For  roii|rhfr  fonntry  tJjt*  tli>>hiiu*r  should  in*  shorU'v.  M 

TIjp  gen**rnl  t»jnnion  s<*OTns  to  Ix*  that  th*'  distaiHT  eattld  nflii 
i^^jKHrified  for  all  projerts,  and,  atc^onlingly,  the  form;^  of  applicati 
havt^  \H*on  preparvd  npnn  i\n*  snpp<»sition  that  the  distaiu^r  ft>r  m 
projoLt  will  Ik^  s])*'t  if  it'll  hy  tin*  Si*<*ri*tary  of  t\w  Inti^rior  on  reco 
mt*ndatioTi  of  the  chief  engineer,  and  that  the  applicant  shdl 
>itato  the  distaruv  of  W\s  rfsidi*ric*t*  fnHn  ihi*  htTid,  which  would 
aeiN'ptahh*  if  within  the  limit  fixed  by  the  SeenHary,  atul  if  n 
woukl  \k>  the  Hul»j(Kt  of  sperial  eoiisidenition  in  i-adi  of  such  ^mm 

Ainong  the  matt  its  whirh  it  woidd  l>r*  net't^ssary  for  oaeh  eTigini 
to  n^pfirt  when  hi^  work  had  progress4'd  to  snrh  point  that  appU< 
lions  for  water  right*^  should  Ik>  made  are  the  following:  The  amou 
iif  wjil(T  \o  \h*  furnished  in  m^re-ftvt  (ler  anntim  per  acre,  mea^ur 
at  the  hind ;  the  limit  of  dist.ani-e  of  rrsiilenee  wlritHi  in  to  1m^  regard 
as  iti  the  neigh b(jrluKKl  in  the  I'mitemplatiuii  of  the  Reclamation  A 
I  The  anuamt  of  water  to  l>e  fnrni>^hed  per  aere  pL*r  anmini  can  n- 

of  eonrst\  he  fixe<l  for  all  projects.  Th(^  g(*neral  view  scH^med  to 
iluLt  the  limit  shnnld  bi*  fixed  for  each  project.  The  details  eonrer 
ing  the  furtiishiujr  of  this  supply  an^  to  he  made  a  matter  of  rf*gtil 
tion  by  tlie  Se*  n4ary  (»f  the  Interifa%  [iresunnddy  under  a  few  ge 
eral  regulations  applieaMe  to  all  ]>rojects,  with  special  regidatio 
f(»r  the  M^  pa  rate  projects  hh  may  U*  ft  no  id  necessary. 

The  ]>resent  situation  diws  not  iH^rmii  of  drawing  up  any  ix*gid 
tions  upon  this  subject,  but  the  experience  of  the  Reclamation  Servi 
in  this  l)ran<  h  of  the  work  will  develop  the  need  of  regulations  cov€ 
ing  the  various  phase^^  of  ttiis  subject. 

FOHM    A. 

HomeMt^uti^  ntftirr  tht  niUunuti^tn  ttci* 

AmilieatUai  Nn. 

Wiifi'r  rich!  .     ProJ(H*i -, 


Act  of  -liine  IT,  \inr2  (TJ  Sl«t..  :\SSy, 


DierABTMENT    or   THE    I^tTEBlOR, 

Land  Office  at 


tt -,  ilo  hereby  apply  for  a  wsiter  ri;:ht  under  the  — proje 

auhject  to  tbe  provlsloDft  of  tlie  at't  of  Coagresj^  iipprovt^l  JIuiie  17»  1002   ( 
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Stat  L.,  388),  known  as  the  reclamation  act,  and  the  rules  and  regulations 
eHtablisbed  thereunder;  the  water  supplied  in  pursuance  hereof  to  be  used  for 

the  irrigation  of  and  to  be  appurtenant  to  acres  of  irrigable  land,  as 

shown  on  plats  on  file  in  this  office;  approved  by  the  Secretary  of  the  Interior, 
within  the  area  described  as  follows : 


section  ,  township  ,  range  ,  meridian,  an  area  of 

acres ;  the  said  land  having  been  entered  by  nie  under  the  said  reclamation  act 
by  homestead  application  No. on  the day  of ,  19() — . 

The  amount  of  water  to  be  furnished  hereunder  shall  be acre-feet  of 

water  per  annum  per  acre  of  irrigable  land  aforesaid,  measured  at  the  land ;  or 
so  much  thereof  as  shall  constitute  the  proiK)rtionate  share  per  acre  from  the 
water  supply  actually  available  for  the  lands  under  said  project :  Provided,  That 
the  supply  furnished  shall  be  limited  to  the  amount  of  water  beneficially  used 
on  said  irrigable  land. 

I  agree  to  pay  for  said  water  right  the  sum  of  $ per  acre  for  the  said 

area  of  irrigable  land,  in annual  installments,  and  to  pay  promptly  when 

due  the  annual  installmentn  and  the  maintenance  and  oi>erating  charges  duly 
assessed  against  said  land  on  ac>count  of  said  water  right. 

I  further  agree  that  upon  my  failure  to  comply  with  the  terms  of  the  said 
i*eclamation  act  this  application  shall  be  subject  to  cancellation  with  the  for- 
feiture of  all  rights  aci]uired  thereundw  and  of  all  payments  made  thereon. 

This  application  must  bear  the  certificate,  as  hereto  attached,  of  the  water 
users'  association  under  this  project,  which  has  entered  into  contract  with  the 
Secretary  of  the  Interior. 

If  the  Secretary  of  the  Interior  has  made  no  contract  with  a  water  users' 
association  under  this  project,  I  agree  to  file,  upon  his  direction,  evidence  of 
membership  in  the  water  users'  association  organized  under  the  said  project; 
in  default  of  which  this  application  sliail  l)e  subject  to  canceilatlon  with  the 
forfeiture  of  all  rights  a<H|iiired  tiicreuiuler  and  of  ail  payments  made  thereon. 

And  being  duly  sworn,  I  further  deiH)se  and  say  tliat  I  iiave  made  no  other 
application,  now  uncanceliHl.  for  a  water  right  un(l<»r  said  act  of  Congress, 
appurtenant  to  land  now  owned  or  claimeil  by  me  ex<*ept  as  follows: 

Application  No. , proje<t, of .  for ,  stH'- 

tion  ,  township ,  range .  meridian,  an  area  <»f  acres, 

and  ccmtaining acres  of  irrigable  land  as  detenniiUHl  by  the  Secretary  of 

the  Interior;  and  that  the  present  application  is  nia<le  in  my  own  behalf  an<l  not 
at  the  instance  or  for  the  iKMietit  of  any  otlier  person  or  any  association  or  cor- 
Ix)ration,  either  dlrtntly  or  indirectly. 

,  Applicant. 

State  of ,  County  of .  ss: 

Subscribed  and  sworn  to  iK'fore  me  this  day  of  ,  190 — . 

My  commission  expires .  IIH) — . 


[This  affidavit  may  Ix'  sworn  to  before  any  officer  authorized  to  administer  au  oath.] 

If  the  Secretary  of  the  Interior  ha.s  entered  into  a  contra<!t  with  a 
water  users'  association  under  tlie  project,  the  following  certificate 
must  be  filled  out : 


/ 
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,  iu^ 

I  hPrel(T  t^rtrfy  tlmt  tbc*  ajipl1*-ant  for  thbi  wfltf*r  rtjjht  hna  duly  kuImuti 
for  tl]**  Klook  tit  tlitn  jiKJMM'intkuL  for  tlw*  iMud^  dt^w^rlh*^!  berpin.  Jind 
HKH(^Rr<iut'nlK  *ovi*»<l  n^fwInisT  sidiL  i^tock  l*y  tbJs  asaoclAtloit  hnv^  been  faJ|j 

I  COgfi^RATI   SICAU  I  

Hecrt*Utru  *>f  thf    Wiitf*r  I'mfrrM-  A^tmMxm^ 


FORU    li. 


Ajipl  teat  ion  No. 
VVutt*r  rljilJt 


Land  A  in  [irUatr  oientrthip. 


Ai't  <*r  Juai*  IT,  itMiL'  Hill  £*tat.  I.,.  :iS8), 


DEI'^XTMICKT  of  the    I^TEKlOd, 

Land  Offick  at  — — 


i; 


lit  J  hi*rtH*y  ajiply  for  a  wntvr  right  under  the 


vrai 


subject  to  tJj**  provI«k>iiji  of  thi*  act  of  <N>nsfresK  njtpnivofl  Jrni*^  17,  19112  (32  ? 
L.,  1W8),  known  aw  tht*  rei'hjtmitltin  iHi»  nmi  tb('  niles^  atiH  rt*i?ii|iUHnifl  **strtMb 
tb*»r**uiicUT*  till'  watpf  supplli'd  In  inifHiiann^  lif-nijf  to  lie  u^ed  for  tb<>  Irrigw 

of,  and  itt  tH'  aiHUir tenant  to, neri's  of  Irrigable  lamL  f*s  »bown  on  n 

uii  Jih*  in  tills  ijin*t*  approvLHl  by  tbp  S**m?t»*r>'  of  the  Interior,  witbln  tli 


tNl 


sim*thni 


ttiivtiHliiii 


iin^'v 


meridian,  an  areii  of  — - 
—  ai're-feel 


Tlie  auionnt  of  water  tu  Ise  fnriiiMbtHl  hereunder  Hhall  be  — 
water  [R^r  lUinuiu  jier  ai  iv  iif  uri^ahle  laniL  us  afort^Kald,  ujeamired  at  the  la 
or  St*  nuieli  Ihereivf  ks  slat  II  e<atsfttnh'  tla^  pn^i  it  at  innate  share  i>er  aere  frian 
Matter  siuii|ily  a^iually  available  fur  the  laialw  nnder  Kakl  i>rojtH't:  i^tytritteti,  T 
the  wupiHy  riinilsh*Hl  shall  he  IhuHeil  to  the  amount  of  water  henefielally  used 
Raid  Irritable  laiaL 

I  afcrtH*  to  jaiy  for  sjriil  water  rli^ht  the  sum  of  $ — —  per  aere  for  tbe  n 

nrea  i^f  irrljrahle  laud.  In anniinl  iii?^talhriHrit?i,  and  to  pay  prcauptly  wl 

due  thr  anininl   instnUjiieiitht  and  tlu*  iiiaiutrnaoi-e  aiul  ojierathi^  ehargcs  d 
aMse«s4'il  ai^niriM  snkl  hnal  on  n<-*'*ju[it  of  said  water  ri^ht. 

I  for t her  apn^e  Ibat  n|Hin  my  failure  to  eojuply  with  the  terms  of  h 
r*^'laniation  art  this  aiiphratUin  j^hall  h*^  Kub.K*oi  to  <NintHi!latlon  with  the  I 
fellnre  ef  all  rl?^hts  aequh^ed  ther*"und<^r  and  all  laiymentiJ  made  thereon. 

Thiw  apiilh^itioii  irmst  bear  the  eertltleHte,  as  hereto  attached,  of  the  wa 
n»<^rs'  assiH  latitai  nnder  this  projtx^t.  whieh  hu«  entered  hito  eontraet  with 
S(^*retary  of  fhe  Inter  it  ii% 

If  the  Secretary  of  the  Interior  has  nmiJe  no  ermtraet  with  a  water  us* 
association  nniler  thin  projin^t,   I  ajs:riM*  to  file,  n[Hoi  hit*  direetloti,  evidence 
na'OjbfrHliiii  In  the  wab*r  nser**'  flfisrxiatlnn  or^jnnlKtHl  nnder  I  be  ^ald  j^roje 
in  MefaiiU  of  which  this  niipllcation  nball  la^  subje^'t  to  cnricellntlon  with 
forfeiture  of  ull  rights  acquired  thereuuder  a»d  of  atl  piiymenta  made  thereou 
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And,  being  duly  sworn.  I  further  depone  and  nay  that  my  poAt-office  address 

Is  ;    that  I  am  a  bona  fide  resident  upon  said  land   (or  an  oocoupant 

thereof,  residing  in  the  neighborhood,  namely,  upon  section ,  township , 

range  ,  meridian,  a  distance  in  a  direct  line  of  miles  there- 
from) ;   that  I  hold  the  following  interest  in  the  said  tract: 


as  duly  shown  upon  the  records  of C^'ounty,  ;    that  I  have  made 

no  other  application,  now  uncanceled,  for  a  water  right  under  said  act  of 
Congress,  appurtenant  to  land  now  owned  or  claimed  by  me  except  as  follows : 

Application  No.  . project, of ,  for section  . 

township  ,  range ,  meridian,  an  area  of acres  and  con- 
taining    acres  of  irrigable  land  as  determined  by  the  Secretary  of  the 

Interior;  and  that  the  present  application  is  made  in  my  own  behalf  and  not 
at  the  instance  or  for  the  benefit  of  any  other  person  or  any  association  or 
corporation,  either  directly  or  indirectly. 

It  is  further  understood  and  agreed  that  the  evidence  of  ownership  of  this 
water  right  shall  not  be  issued  by  the  T'nited  States  unless  fee-simple  title  to 
said  land  is  vested  in  me  at  the  time  when  the  final  payment  hereon  is  due,  in 
default  of  which  this  applicnition  shall  be  subject  to  cancellation  with  the  for- 
feiture of  all  rights  thereunder  and  of  all  moneys  paid  thereon. 

,  Applicant. 

State  of ,  County  of ,  «»: 

Subscribed  and  sworn  to  before  me  this day  of ,  190 — . 

[SEAL.]  , 


(My  commission  expires .) 

[TblB  affidavit  may  be  Rworn  to  before  any  officer  authorized  to  administer  an  oath.] 

If  the  Secretary  of  the  Interior  has  entered  into  a  contract  with  a 
water  users'  association  under  the  project,  the  following  certificate 
must  l>e  filled  out : 


190- 


I  hereby  certify  that  the  applicant  for  this  water  ri^jlit  lias  duly  subscribed 
for  the  stock  of  this  association  for  the  lands  dt'ScrilMHl  herein,  and  that  all 
assessments  levied  against  said  stock  by  this  association  have  Ihhmi  fully  paid 
up  to  date. 

[corporate  seal.]  

Secretary  of Water  lacrs"  Atfsociation. 


% 


i 


i 


From  tinie  to  time,  as  regtilations  are  promulgated  or  deeimi 
rt*iuli*nHi  niTt*i*fin^  llit^  ('oiifliict  of  work  under  the  rerlaination  i 
ri  rem  I  a  I'M  embodying  th*?  information  an>  prepared  in  the  uffiu?  o, 
t*hk*f  t*n^iiuHM^  and  sent  ont  to  the  various  men  in  th*^  fi^ld. 

It  is  important  that  thi^s*:^  rirenkr.s  be  rarefiilly  read  and  presen 
lor  refei'eui'e.  A  st^parate  lKK>k  ?:iliould  Ik*  kept  for  the  purpose 
engineers,  and  the  circuhirs  shonkl,  after  reading,  l>e  p»sted  there 
and  a  sulijert  index  made  ainl  kept  up  to  date. 

In  the  following  page.s  tlie  substance  of  rec-ent  eireulars  of  inai 
til  nee  is  re|x^ated  for  couvenieuee  of  i^ferenee  and  in  order  that  I 
information  may  be  thus  brought  to  the  attention  of  new  employe 

KAILROAD  TRANSF<>RTATlON   HATKS,  ■ 

The  act  of  Congress  of  March  :X  li>05  (Public,  No,  IftS),  pr^vii 
that  any  moneys  refunded  in  conneetion  with  the  op^ratian*i  uik 
the  reelanjatiofi  act  shall  Ik*  covei-ed  intr»  the  nH^bifuatiMU  fun 
there foi^  any  refund  of  fr^iglit  rates  that  may  be  obtained  ^ 
nnhice  the  cost  of  const  met  ion  and  promote  the  development 
s*etttement  of  the  lands  nnder  the  projects. 

It  has  therefoiT  been  possible  to  enter  irito  contracts  with  a  mi 
l>er  of  railroad  companies  providing  for  tfie  transportation 
reduced  rates  of  muehinerv*  nuitei-ials.  and  supplit\s  used  on  t 
pi'ojeels.  The  form  of  const ructit>u  t^oiitraet  now  in  use  by  the  Ri 
lamation  Service  provides  that  contractors  shall  afford  to  the  en^ 
neer  op[)ortnnity  to  oI»tain  copies  o{  the  expense  bills  on  all  n 
chinery,  materials,  and  supplies  sliijjped  to  or  from  the  project  i 
use  in  e*>nnectiun  with  tln^  work.  These  expense  hills  are  transmitt 
to  the  railroad  coinj>any  by  the  engineer  in  charge  of  the  proje 
and  the  railroad  company  pays  to  the  engineer,  by  check  drawn 
the  order  of  the  Secretary  of  the  Interior,  the  difference  bet  we 
the  amonnt  paid  by  the  contractor  and  the  (*hargt^s  at  the  rate  cc 
traeted  for  between  (lie  railroad  com]>iiny  and  the  United  States. 

The  contracts  do  not  cover  transportation  of  provisions,  clot  hi  r 
or  snp plies  for  laborers  or  others  engaged  on  the  work,  nor  ai*tic] 
produced  or  carried  in  stock  in  the  local  market. 

Question    having    arisen    as  to    whether    the    provisions    of    t 

interstate-connnerce  law,  which    forbid    common   carriers  t^  gra 

concessions    from    iheir   published    rates,   affect    certain    agreemer 

l>etween  the  United  States  and  various  railroad  companies  in  whi 

210 
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the  latter  promise  to  transport,  at  one-half  their  published  rates, 
materials  and  machinery  required  by  the  United  States  or  by  parties 
contracting  with  the  tJnited  States,  for  use  upon  the  irrigation 
systems  under  construction  in  the  arid  West,  the  opinion  of  the 
Attorney-General  was  requested,  and  the  following  is  quoted  from 
his  letter  of  April  20,  1905,  upon  the  subject : 

It  is  perfectly  plain,  I  think,  that  the  intention  of  section  22  of  the  act  to 
regulate  commerce  was  to  give  express  sanction  to  any  arrangements  between 
the  United  States,  State,  or  municipal  governments,  and  railroad  companies  by 
which  those  governments  might  relieve  themselves  of  the  cost  of  transporta- 
tion in  whatever  form  it  might  assume,  and  the  section  should  be  construed  to 
give  effect  to  that  intention.  It  is.  therefore,  immaterial  whether  the  propei'ty 
transported  belonged  to  the  United  States  at  the  time  of  shipment  or  whether 
it  have  subsequently  become  the  projterty  of  the  I'uited  Statcn^  in  the  particular 
shape  in  which  it  was  shipiKMl.  It  is  sufficient  that  it  entered  into  the  construc- 
tion of  a  public  work  of  the  United  States,  and  that  the  cost  of  its  transporta 
tion  was  a  part  of  the  final  (*ost  of  that  work  to  the  United  States. 

The  issue,  then,  narrows  down  to  this :  Does  the  United  States,  in  ix)int  of 
fact,  receive  in  the  end  the  whole  of  the  concession  in  freights  granted  under 
Xheee  contracts? 

It  can  not,  of  course,  be  stated  in  advance,  as  a  presumption  of  fact  covering 
all  cases  which  may  arise  under  this  arrangefnent.  that  the  United  States  will 
receive  the  whole  of  the  concession  and  the  contractor  none,  for  that  would  be 
to  presume  not  only  that  the  contractor's  bid  will  l>e  less  than  it  would  have  been 
If  he  had  had  to  pay  the  published  rates,  but  that  it  will  l)e  less  by  an  amount 
equal  to  the  freight  reductions  allowed  hinu  On  the  other  hand,  however,  it 
certainly  can  not  be  presumed  that  under  no  circunistanci»s  will  the  United 
States  receive  the  whole  concession;  that  is  to  say,  that  In  no  case  will  the 
contractor  make  full  allowance  in  his  bid  for  the  reducetl  freight  rates.  The 
strong  probability  is  that  he  will  not  leave  any  advantagt"  from  that  stmrce  In 
the  hands  of  his  comi>etltors.  In  other  words,  then,  whether  or  not  the  United 
States  rec'eives  the  whole  of  the  i-oncession  and  the  contractor  none  is  a  (piestion 
of  fact  which  must  l>e  decidtnl  in  eacli  case  esp(MlnIIy,  as  tlie  answer  may  differ 
in  different  cases.  My  ciinclusion  upon  the  (pu'stions  you  propound,  therefore*,  is 
this:  That  in  those  cases  wliere  tlie  fa<t  is  that  tlie  Unite<l  Stat<*s  hmvIvcm  the 
whole  of  the  concession  and  the  <M)ntra<-tor  none,  then  neither  tlie  spirit  nor  the 
letter  of  the  act  to  regulate  <'onnuerce  has  Imhmi  violated,  but  that  in  those 
(ases,  if  any,  where  that  Is  not  the  fact  the  oiHM-ation  of  tlie  a^rtvinents  whi<'h 
have  been  drawn  in  question  wonI<l  rt^sult  in  the  violation  of  section  2  of  the 
act.  Being  a  question  of  fa<-t,  aiul  one  tliat.  if  it  shall  ever  proiM»rly  arise  it 
must  arise  In  the  administration  of  your  Department,  your  <leterniination  of  the 
question  win  be  binding  so  far  as  the  executive  branch  of  the  (lovernment  is 
concerned. 

TRANSPOllTATIOX  AC;K>T. 

It  is  desired  that  all  matters  relating  to  transportation  and  the 
handling  of  bills  of  lading  l)e  referred  to  F.  II.  Cass,  transportation 
agent,  87^-877  Federal  building,  Chicago,  111. 

When  possible,  the  transportation  agent  will  Ix*  re(|uire(l  to  attend 
personally  to  all  shipments  of  freight,  especially  material  purchased 
f.  o.  b.  at  any  point  on  the  Missouri  River  or  east  thereof.     Engineers 


218  SECOND   HBCLAMATTON   SERVICE   oaKFEBBNCE. 

It ui k  i  I  ig  p  1 1  vrh n sos  i  li  this  t err i  tory  sh on  1 1 1  f  1 1 1'n  i nh  if  r •  t?«i ss  vr  itli  C!0| 
of  ordi^rH  and  surh  i!H*nionm<la  hh  will  ciuibh"!  him  tci  projjerly  prepi 
tho  bills  of  Ittdiiig  iuid  to  ship  in  ucconhiiioi^  with  the  wis^ilips  and  ncp 
of  thi^  tni|jrintrc»r,     \Mieu  it   in  not   possible  for  this  liii^itiit*>^i  tti 

attundrd  to  fnnn  tin*  t'liirago  oilier,  the  i^iigiiUM.^r  Hliiiiihl   fiirni^  li 
tnni:^[>ortiihttn  iip'itl   with  iiitnitnrnndu  of  ttu*  shipping  orders 
they  are  phurtK  ^o  the  shi]>mejjts  may  Im*  expediteiL 

LAXB  AND   LEGAL  MATTEK8. 

Kiigiiieers  iti  charge  of  projerf^s  Should  keep  the  chief  engi; 
ad  vise*  I  of  alt  work  relating  to  hind  or  h^^al  rnu1(4*r^i  which  may 
neee,smry,  They  should  give  notic*>  as  long  in  advaiicp  as  posdl 
eon(*orjnng  assist  nnw  nMjnired  in  work  of  this  ch  a  meter,  in  order  fh 
men  regidarly  in  the  serviee  nmy  Ik"  tleiailed,  or  that  iiLstruetions  mi 
be  given  for  the  em  ploy  men  I  of  held  assistants*  Petal  let  I  iiistn] 
tionw  enneerning  this  phiist*  of  the  Mork  will  \w  found  on  paf|:e^  Wi 
IM  of  Water-Siipply  l*aper  Xo.  D-l,  Later  instruct  ions  mo(hfyJi 
part  of  the  procedure  there  outlinetl  are  printed  in  the  Iiite  edilion  i 
^' Blank  for  refxH-t  on  negotiations  for  purchase  of  lands/'  Fi 
J)-2B1,  and  are  as  foIknvH! 


FtmcilAaES    OF   LANDS. 


} 


Till*  pro|>«*r  method  of  jircK^oflure  in  maJckig  purcliasefl  of  lands  niider  U^e  rt 
laiiiatlnii  net.  hi  ]iui>tunnir  vT  tUe  ^arkujs  mUiiif!*  made  by  tho  l»epiirtmetit 

Uie  latericir  iitjiI  tlie  l1^^U!l^tmi^Id   nt  ^htwthv,  ts  t4itbsnoitin Uy  n»  stTitt"d  Mn' 
lii  Nuiiu-  i'uscs.  Ln>^\*'Vt'r,  d<"\  iMtiiHis  muy  liv  lunssnty  in  HftlHta  ^cimin. 

1.  As  soon  MS  possible  Mfter  it  has  been  ascertained  that  the  property  will  I 
re<inirfM!,  tlie  enj^ineer  in  charge  slionld  forward  to  the  ortic*e  of  the  chief  en| 
ne<»r  the  following  i)apers: 

(a)  Form  D-L^Td.  contract  of  sah%  or  nieniorandnni  of  terms  of  proposed  pD 
j-lmse. 

(/>)  Form  D-2.S1.  report  on  land  agreement. 

(c)  Certificate  that  the  land  is  necessary  for  the  purposes  authorized  by  tl 
reclanmtion  act  and  that  the  price  aj^reed  upon  is  reasonable,  together  with 
reeonnnenilatton  that  the  purchase  be  made.  This  certificate  should  also  oonta 
other  available  information  relative  to  the  purchase  not  given  in  Form  9-281. 

These  paiH'rs  will  be  submitted  to  tlu'  Secretary  of  the  Interior  for  approvf 
as  to  th<'  price  and  terms  of  purchase. 

2.  When  the  agreenu^nt  to  sell  has  been  approved  by  the  Secretary,  the  enj 
neer  will  notify  the  vendor  thereof  that  he  should,  pursuant  to  said  agreemer 
I)rocure  and  have  recorded,  where  proper  for  record,  any  assurances  of  title  ai 
affidavits   which    may   l)e   necessary   and   i)roper   to   slunv   dear,   unincumber 
title  in  him.     This  will  fix  the  date  from  which  time  nmy  be  counted  in  fav 
of  the  United  States  for  extension  of  the  option  as  provided  in  the  agreemei 
in  case   it  i)e  fcmnd   necessary   to  «lo  so.     An   abstract  of  the  title  should 
procured,  together  with  projM^r  certificates  as  to  the  status  of  the  records  co 
cerning  lands,  judgments,  and  taxes.     The  abstract,  certificates,  and  form 
deed  which  it  is  proposed  to  execute.  referrcMl  to  in  next  paragraph,  should 
submitted  to  the  United  States  attorney  for  the  district,  after  the  engineer  h 
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received  notice  that  instructiona  have  been  issued  to  tlie  former  by  the  Attorney- 
General  to  examine  and  report  on  the  subjec*t  of  titles.  These  instructions  will 
be  requested  by  this  office  after  the  receipt  of  information  from  the  engineer 
that  the  purchase  of  lands  has  become  necessar>\ 

3.  The  ordinary  form  of  warranty  deed  or  its  equivalent  in  general  use  will 
be  acceptable  to  the  Department,  only  one  material  cliange  being  required,  viz, 
tlie  insertion  of  ttie  italicized  words  in  tlie  clause  to  the  following  eff€^*t  usually 

^ound  in  such  deeds :  **  for  and  in  (consideration  of dollars  to  him  in  hand 

paid  in  purnuance  of  the  proiMoHH  of  the  act  of  June  17, 1902  {S2  Stut,  L.,  SHS), 
by  the  said  party  of  the  sect>nd  part,"  etc.  The  grantee  or  second  party  must  be 
the  United  States,  and  the  words  **  heirs,  oxe<*utors,  administrators,  successors,'* 
etc.,  when  referring  to  the  second  part>\  sliould  l»e  stricken  out,  and  the  sentence 
should  read  **  the  party  of  the  second  part  and  its  assigns."  One  copy  of  tlie  pro- 
posed form  of  deed  should  be  transmitted  with  the  abstract  to  the  United  States 
attorney,  and  one  copy  should  Ite  retained  l>y  tlie  euginet»r.  to  l>c  executed  by 
the  vwKlor  when  the  purchase  is  authorized  by  the  Se<Tetary  of  the  Interior. 
A  quitclaim  deed  will  be  acceptable  in  case  titi(»  in  fei»  is  not  vested  in  the 
vendor. 

4.  The  United  States  attorney  will  forward  the  abstract  and  form  of  deed  to 
the  assistant  attorney-general  for  the  Interior  Dcimrtnient,  with  his  opinion 
thereon,  in  accordance  with  instructions  from  the  Attorney-(ieneral. 

5.  The  engineer  in  charge  will  notify  the  chief  engineer  as  s(K)n  as  the  alwtract 
and  form  of  deed  have  been  forwarded  to  the  assistant  attorney-general,  and 
will  state,  if  i)osslble,  the  tenor  of  the  rei>ort  made  by  the  Uniteil  States  attorney. 

6.  The  assistant  attorney-general  will  render  an  opinion  ui>on  the  title,  and 
uix)n  approval  thereof,  by  the  Secretary  of  the  Interior  the  purchase  will  be 
authorized,  if  the  title  is  found  satisfactory.  In  case  the  title  is  found  to  be 
imperfect,  the  papers  will  be  returned  for  the  nei-essary  corrections,  and  the 
abstract  should  then  be  brought  up  to  date  and  again  submitted  for  reexamina- 
tion. 

7.  Upon  notice  of  authorization,  the  payment  <'an  l>e  made  l)y  a  local  disburs- 
ing officer,  if  one  is  available,  taking  vouchers  in  tin*  usual  way.  In  other  cases 
payment  will  be  made  thmugh  the  Treasury  l)cpartiiu*nt,  for  wlii<*h  purpose 
there  should  l)e  forwnrclHl  to  the  Washington  ofliic  the  executed  deed,  duly 
recorded,  and  certificates  that  nothing  has  Imhmi  pia<HMl  on  record  adversely 
affecting  the  title  as  to  conveyan<e,  juilgnients.  or  taxes  sinc<'  the  date  of  the 

'  abstract;  in  other  words,  tiie  abstract  should  !m»  lirought  up  to  tlie  date  of  the 
record  of  the  deed  to  the  United  States.  No  vou<*her  is  ntHMled  if  payment  is 
made  through  tlie  Treasury  Department.  TUv  descril)ed  certificates  and  the 
recordeil  deed  must  Ik*  transmitted  witii  tlie  local  disiairsing  otiicer's  accimnts  if 
the  payment  Is  made  by  liini. 

8.  In  the  case  of  the  desert-land  entry,  wlien  the  Secretary  lias  approved  the 
[mrchase  of  the  possessory  riglits  of  an  entryinan.  the  certificate  of  the  recorder 
of  land  titles  in  the  county  where  the  land  is  situated  should  be  obtained, 
showing  that  he  lias  searclied  the  re«-ords  of  liis  ofiice.  and  stating  wliether  any 
instrument  of  conveyance,  assignment,  or  mortgage  of  tiie  rigM  oiitained  i)y  the 
entry  referred  to  there  api)ears. 

9.  In  the  case  of  land  covered  by  a  homestea<l  of  desert-land  entry  a  relin- 
quishment to  the  Unite<l  States  is  sutficient,  and  a  certificate  sliould  be  obtaincMl 
from  the  register  and  re<-eiver  of  the  local  land  office,  showing  that  the  entry 
was  valid  and  subsisting  at  the  time  of  the  relimiuislinH'nt,  and  that  it  has  l)e<»n 
relinquished  and  canceled  on  the  nH^ords  of  the  land  office. 

10.  In  the  public-land  States  improvements  by  tMitrymen  are  generally 
regarded  as  personal  proi)erty.  subject  to  taxation,  and  before  paying  for  land 
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to  be  acquired  by  relinqnishment,  tbe  certificate  of  the  oflkwr  haTbig  ckacve  M 
the  tax  records  in  tbe^soiuity  shonld  be  obtained  showing  the  eondltloo  of  th? 
property  In  respect  to  levy  and  payment  of  taxes  for  the  years  stnoe  the  cntiy. 

11.  This  form  (9-281)  may  be  used  as  far  as  it  Is  an>Hcabie  In  makiag  a 
report  of  negotiations  not  concluded,  all  necessary  additional  infiarmattoo  Mas 
giTen  under  beading  No.  6,  wben  for  any  reason  it  is  adyisable  that  tbe  ■■Un 
be  fnrtber  considered  by  tbe  engineer  In  charge  before  final  agreement  Mm  tUi 
case  it  should  be  noted  conq;ilcQoli8ly  on  the  first  page  and  in  the  hHef  «■  tsck 
that  it  is  a  report  of  pending  negotiations. 

12.  The  person  engaged  In  right-of-way  negotiations  or  in  nesotlatlMii  for 
the  purchase  of  lands  will  make  monthly  reports  to  the  mgineer  In  charge  of 
the  particular  project,  to  be  forwarded  to  tbe  chief  engineer  at  Waabington,  D.C 

13.  An  agreement  of  sale  may  be  made  with  any  person  owning  the  land  in 
Ills  own  right,  or  with  a  trustee  under  a  power  In  a  deed«  or  with  a  perm 
holding  a  power  of  attorney  from  the  owner  authorising  him  to  do  so.  or  witb 
an  executor  under  power  in  a  will.  Certified  copy  of  the  evidenoe  of  authority 
must  accompany  the  papers. 

14.  The  husband  and  wife  must  join  in  the  agreement  except  where  the  locti 
land  laws  or  the  conditions  under  which  the  property  is  held  do  not  require  It 
It  is  better,  however,  to  obtain  in  every  ease  the  signatures  of  both  husband 
and  wife.  The  agreement  must  state  whether  the  vendor  is  married  or  single, 
a  widow  or  widower. 

15.  An  administrator  or  an  executor  without  a  power  to  sell  In  the  will  bai 
no  authority  to  make  a  contract  for  the  sale  or  conveyance  of  land  or  of  t 
right  of  way  thereon.  In  case  of  the  death  of  the  owner  wlthoat  a  will,  tbe 
real  estate  descends  to  the  heirs ;  if  he  dies  leaving  a  will,  the  real  estate  gotf 
to  the  devisees,  subject  in  both  eases  to  the  payment  of  debts  of  the  decedent 
The  heirs  or  devisees  must  all  Join  In  the  agreement. 

16.  Neither  the  guardian  of  n  minor  nor  the  guardian  of  an  Insane  person 
has  a  right  to  contract  to  sell  or  ct)nvey  the  real  estate  of  his  ward  without 
s|)eoial  authority  from  the  proper  (-oiirt. 

17.  Before  negotiations  for  the  [nir<'hasc  of  any  tract  are  begun  it  ia  important 
to  learn  whether  the  land  has  t>een  olfereil  for  sale,  and  at  what  time  and  price: 
also  what  price  the  present  owner  paid  for  the  land. 

18.  SiHK'ial  conditions  and  limitations  nniy  be  added,  when  necessary,  to  the 
I'rinted  forms  of  <*ontract  In  reference*  to  iK)ssession  of  premises,  growing  of 
crops,  etc.,  i)ending  tinal  conveyance,  but  those  (-ondltlons  should  he  avoided  a» 
far  as  iK)ssible,  and  the  time  limit  of  tlM»  contract  should  be  fixed  with  refer- 
ence to  these  matters.  Aniple  time  shonld  l>e  given  in  the  contract  for  tlie 
preparatbm  of  an  alwtract  of  title  and  for  consideration  of  the  same  by  tlie 
officials  at  Washingtcm.  I).  (\ 

\\l  For  a  general  discussion  of  this  subjtH't.  s(*e  ])age8  06  to  100  of  Water- 
Snpply  Pai»er  No.  93. 

PURCHASE   OF   POSSESSORY   CLAIMS   ON    PUBLIC   LANDS. 

Attention  is  called  to  the  following  quotation  from  a  letter  of  the 
Secretary  of  the -Interior,  dated  January  '25,  1905,  regarding  settle- 
ment or  possessory  rights  of  parties  who  have  made  entries  or  filings 
under  the  public-land  laws: 

As  the  legal  and  equitable  title  is  in  the  United  States  to  all  public  lands 
to  which  a  mere  inchoate  right  has  attached,  there  is  no  outstanding  legal  or 
equitable  title  lu  such  lands  to  purchaBe ;  but  the  improvements  of  tbe  aettlen 
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uinde  upon  snob  lands  under  authority  of  the  puhlic-land  laws  are  a  property 
right  which  can  not  be  taken  without  I'onipensation,  which  probably  way  in- 
clude the  enhanced  value  of  the  land  by  reason  of  the  settler's  cultivation  and 
improvement. 

The  legal  title  passes  from  the  United  States  only  upon  the  is- 
suance of  patent;  but  an  entryman,  if  he  has  complied  with  the  law, 
acquires  by  his  final  certificate  an  equitable  right,  which  is  the  equiv- 
alent of  a  patent  so  far  as  it  affects  his  rights  and  interest.  Such 
title  or  right  can  not  be  divested  and  acquired  by  the  United  States 
under  the  act  of  June  17,  1002  (32  Stat.  L.,  388),  except  by  purchase 
or  by  condemnation  in  the  manner  provided  by  law.  The  effect  of 
this  ruling  is  that  to  acquire  any  rights  asserted  under  the  public- 
land  laws,  prior  to  the  issuance  of  final  certificate,  it  is  necessary  to 
pay  only  for  the  improvements — which  probably  may  include  the 
enhanced  value  of  the  land  due  to  the  claimant's  cultivation  and 
improvement — as  there  is  no  outstanding  title  to  the  land  to  be 
acquired. 

RIGHTS  OF  WAY  FOR  CANAT^S  AXD  DITCHES. 

Engineers  and  others  authorized  to  acquire  rights  of  way  for  canals 
and  ditches  under  the  reclamation  act  should  proceed  as  follows: 

1.  They  should  examine  the  lands  and  prepare  a  general  map 
showing  the  position  of  the  canals  with  reference  to  the  land  lines. 

'2.  They  should  ascertain  the  esscMitial  facts  as  to  ownership. 

3.  Owners  of  lands  entered  subsequent  to  October  2,  1888,  should  be 
si»rved  with  notice  (Form  D-^ii.S)  in  accordance  with  instructions  on 
page  101,  Water-Su[)ply  Paper  No.  93,  which  should  l)e  carefully 
followed.  In  such  cases  no  agreement  or  abstract  of  title  is  required. 
AVhere  the  lands  are  needed  for  other  purposes  than  for  canal  or  ditch 
right  of  way,  they  nuist  l)e  purchased  or  donated. 

4.  ^\Tiere  lands  were  entered  prior  to  October  2,  1888,  the  owner  or 
his  representative  should  Ih'  s(»en  and  a  fair  and  reasonable  price 
agreed  upon,  or,  if  possible,  a  free  grant  should  lx»  obtained. 

5.  In  cases  under  paragraph  4,  Form  0-27(5  should  be  used.  Where 
no  payments  are  to  l)e  made.  Form  0-277  should  be  used. 

G.  In  all  cases  Form  0-281  should  be  filled  out  and  should  accom- 
pany Forms  9-270  and  0-277.  The  report  should  state  all  the  facts, 
in  order  that  the  details  of  the  purchase  or  agreement  may  be  fully 
understood  by  the  chief  engineer. 

7.  ^\Tien  the  purchase*  is  decided  upon,  an  abstract  of  title  must  be 
secured.  An  abstract  must  also  be  obtained  when  the  land  is  donated, 
because  the  risk  of  ctmst ruction  can  not  lx»  undertaken  without  the 
assurance  that  the  consent  of  the  actual  owner  and  all  parties  inter- 
ested has  been  secured.  Abstracts  may  l>e  paid  for  by  the  Reclama- 
tion Service  when  they  are  to  Ix*  used  in  connection  with  purchases. 
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hut  not  whL*n  they  are  to  l>e  ustnl  in  Li>nn<*ft ion  with  comirmrid 
Apimipiinte  iiTTangenients  may  Jw^  nifidp  with  the  %*inidor  a^  to  f 
rjlshin;?  al^j^tnu't  fif  titlo.  eitluT  bv  him  or  by  the  Govern riierit 

>^*  Form  of  di'^^d  which  the  vendor  propojrieis  to  execute  sjio 
i*ubmitt«^d, 

9,  111  prmtvdinps  under  paragraphs  T  and  ft  the*  printf^J  tnstr 
t i oris  g \ v(H I  i r I  I "orni  0-^2 8 1  ( see  p,  2iH )  shoii  1  d  \m^  f d1  1  o we( \ . 

10»  The  agretnnent  and  report  muM  be  aecompnniod  by  h  i!«*rtific 
from  the  district  engineer  a^  to  the  iKVessity  c»f  the  ri^ht  of  way  a 
the  reasonableness  of  \hv  jnnee,  and  must  contain  a  definite 
incndation  as  to  the  pnrchase. 


APPKOPRIATIOIV  OF   WATER, 


rts^ 


On  pa^e  10;i  of  Water-Snpply  and  Irrigation  Pnjx*r  No.  JK1  dir 
tions  aro  given  for  the  profx^r  filing  of  notict^  of  appropriatiuu 
water.     Engineers  an*  therein  Hdviai^il — 


m 


to  Kubmil  u  <x>py  to  tlH'  rrilttnl  Stales  illHtrtH  jiltf^nioy^  catnng  hlfi  iitt**ntli 
tli^*  iostnirtlonw  of  \iw  Atttiniey  liein^'jO.  ilHtiHl  Sf]>ti*ml»er  14,  IfMiCt,  pnivid! 
for  fe'lvhiif  advice  to  the  rnA^lm^T!*!  of  tlie  UeflfU«»iHo»  S^rrvU^  poiuvrnlni  i 
|iri*pHratiuM  of  hui  [i  riotli'*^,  iniil  riHun'stUijif  any  siit'ge«tloD  wbleti  h**  muF  fai 
to  offer  \n  regwrJ  to  tlji*  form  i»atnnittef1. 


I 


It  has  Ihhmi  found  neeessa ry  to  can t ion  engineers  to  fohow  this  adr* 

In  .several  tif  the  reclamation  States  laws  were  enactetl   in   1^ 

granting  special  privileges  to  the  United  States  when  appropriatii 

water  for  tlie  fnirpose  of  carr'ving  ont  the  j)rovisions  of  the  reelaru 
lion  act,  Tliese,  together  with  the  statutory  law  governing  appi 
priations  in  the  <jther  reclamation  States,  arc  summarized  below. 

It  is  important  to  follow  sti'ietly  the  provisions  of  law  and  t 
local  regulations  in  tiling  ntitii'cs  of  ap})roi)riation. 

In  the  States  when*  special  laws  have  l>een  enacted  to  govern  sppr 
priations  liy  the  Tnited  ^Statt^s  the  s[iecihr  language  of  the  law  shou 
l^e  ntiHs!:c<l  and  followed  in  giving  the  recjuireil  notices. 

The  work  required  under  the  various  statutes  after  filing  notic 
differs  under  the  vai'inus  laws,  ami  it  is  r'sseiitial  that  the  requirenier 
in  each  r;i>t'  -.liriH  Ik'  follnwt^il  iis  rlo><'lv  ;i>  possible. 

Nothing  will  be  gained  l)v  filing  these  notices  unless  their  form  ai 
the  subse(|uent  proceedings  comply  with  the  provisions  of  the  la 
and,  accordingly,  these  matters  nmst  be  so  ordered  as  to  conform 
the  law  and  the  regidations  in  all  particulars  so  far  as  it  is  possil 
under  the  operations  of  the  reclamation  act. 

In  Arizona  a  notice  '*  of  the  proj)osed  appropriation  must  be  post 
at  the  place  of  intended  diversion.     A  copy  of  the  notice  must 

«  Water-Sup.  and  Irr.  I'aper  U.  S.  Oeol.  Survey  No.  93,  1904,  p.  103. 
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filed  for  record  in  the  office  of  the  recorder  of  the  county  or  counties 
in  which  the  diversion  and  other  works  are  situated,  and  a  copy  of 
the  notice  must  also  be  filed  in  the  office  of  the  secretary  of  the  Terri- 
tory. The  works  must  be*  constructed  within  a  reasonable  time  after 
posting  and  filing  the  notice. 

In  California  a  notice  *»  of  the  proposed  appropriation  must  be 
posted  at  the  point  of  intended  diversion,  and  a  copy  must  be  recorded 
in  the  office  of  the  recorder  of  the  county  in  which  it  is  posted  within 
ten  days.  Work  must  be  begun  within  sixty  days  and  prosecuted 
diligently  and  uninterruptedly  to  completion. 

In  Colorado,  within  sixty  days  after  commencing  construction, 
statements  and  maps  in  duplicate  must  be  filed  with  the  State  engi- 
neer for  his  approval.  After  approval  by  the  State  engineer  the 
claimant  must  file  duplicate  map  and  statement  thus  approved  in  the 
office  of  the  county  clerk  and  recorder  of  the  county  in  which  the 
headgate  of  the  canal  or  the  reservoir  is  situated.  Blank  forms  for 
this  statement  and  directions  for  preparing  maps  can  l)e  obtained 
upon  application  to  the  State  engineer.  Engineers  are  requested  to 
keep  copies  of  such  forms  and  directions  on  file  in  their  office  and  to 
follow  them  carefully  in  making  an  appropriation  of  water. 

In  Idaho  an  application  must  be  made  to  the  State  engineer  for 
permission  to  make  an  appropriation.  Engineers  are  requested  to 
keep  on  file  in  their  office  copies  of  printed  forms  and  directions 
furnished  by  the  State  engineer,  and  are  cautioned  to  abide  by  all 
the  rules  and  regulations  of  the  State  engineer's  office  in  making  an 
appropriation. 

In  Kansas  a  notice  °  of  the  proposed  appropriation  must  be  posted 
at  the  point  of  intended  diversion,  and  within  ten  days  thereafter 
a  copy  of  the  same  must  \ye  posted  in  a  conspicuous  place  in  the 
office  of  the  county  clerk  of  tlie  county  in  which  the  diversion  is 
situated  and  be  recorded  by  the  county  clerk.  Work  must  commence 
within  sixty  days  aiid  be  prosecuted  diligently. 

In  Montana  a  notice  of  the  proposed  appropriation  nuist  be 
posted  at  the  point  of  intended  diversion,  an<l  a  verified  copy  must 
be  filed  within  twenty  days  with  the  county  clerk  of  the  county  in 
which  the  diversion  is  made. 

By  an  act  of  the  Montana  legislature  approved  February  27,  100.5, 
all  appropriations  made  in  behalf  of  the  United  States  by  persons 
duly  authorized  by  the  Secretary  of  the  Interior  shall  be  held  valid 
for  the  period  of  three  years  after  the  filing  of  the  notice  as  above 
described,  and  no  part  of  the  watei>;  designated  in  the  notice  shall 
be  subject  to  other  appropriation  for  three  years  unless  a  notice  of 
abandonment  of  the  irrigation  project  is  filed  under  authority  from 
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the  Secretary  of  the  Interior  with  the  county  clerk  aad  reoordar 
of  the  county  in  which  the  original  notice  was  filed. 

In  Nevada  the  same  procedure  must  be  followed  as  in  Idalm. 

In  New  Mexico,  by  an  act  approved  March  16, 1906,  it  is  provided 
that  whenever  the  proper  officer  of  the  United  States  ehall  notify  the 
State  engineer  that  the  United  States  intends  to  utilise  certain  speci- 
fied waters,  such  waters  shall  not  be  subject  to  further  mpproprif tions, 
except  in  so  far  as  formally  released  in  writing  fay  a  duly  authorind 
officer  of  the  United  States. 

In  North  Dakota,  by  an  act  approved  March  1, 1905,  it  is  provided 
that  whenever  the  proper  officer  of  the  United  States  shall  notify  the 
State  engineer  that  the  United  States  intends  to  utiliase  certain  speci- 
fied waters,  such  waters  shall  not  be  subject  to  other  appropriation 
for  a  period  of  three  years  from  the  date  of  said  notice,  except  in  so 
far  as  formally  released  in  writing  by  the  proper  officer  of  the  United 
States.  Before  the  expiration  of  the  three-year  period  plans  of  the 
proposed  work  must  be  filed  in  the  office  of  the  State  engineer. 

In  Oklahoma  the  statutory  provisions  covering  this  subject  are  tibe 
same  as  those  in  North  Dakota,  stated  above. 

In  Oregon,  whenever  the  proper  officer  of  the  United  States  diaD 
file  in  the  office  of  the  State  engineer  a  written  notice  that  the  United 
States  intends  to  utilize  certain  specified  waters,  such  waters  shall  not 
be  subject  to  further  appropriation  for  a  period  of  three  3^ears  from 
the  date  of  filing  such  notice,  within  which  time  final  plans  of  the 
proposed  works  must  Ix?  filed  with  the  State  engineer.  Construction 
must  be  authorized  by  the  United  States  within  four  years  of  the  date 
of  the  original  notice.  Xo  part  of  the  waters  so  appropriated  shall 
be  subject  to  other  appropriation  within  the  period  stated  above, 
unless  formally  released  in  writing  l)y  a  duly  authorized  officer  of  the 
United  States,  w^hich  release  shall  be  filed  in  the  office  of  the  State 
engineer. 

In  South  Dakota  the  statutory  provisions  covering  this  subject  are 
the  same  as  those  in  North  Dakota,  stated  above. 

In  Utah  the  same  procedure  must  be  followed  as  in  Idaho. 

In  Washington,  by  an  act  ap[)roved  March  4,  1905,  it  is  provided 
that  whenever  a  duly  authorized  officer  of  the  United  States  shall 
notify  the  c(mimissioner  of  j)ublic  lands  that  the  United  States  in- 
tends to  make  examinations  or  surveys  for  the  utilization  of  certain 
specified  waters,  the  waters  so  described  shall  not  be  subject  to  other 
appropriation  for  a  period  of  one  year  from  the  date  of  receipt  of 
such  notice  by  the  commissioner  of  public  lands,  unless  formally  re- 
Ieas(»d  in  writing  by  a  duly  authorized  officer  of  the  Unitfed  States. 
If,  l)efore  the  expiration  of  the  one-year  i>eriod,  a  duly  authorized 
officer  of  the  United  States  shall  certify  in  writing  to  the  conimis- 
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sioner  of  public  lands  that  the  project  contemplated  in  such  notice 
appears  to  be  feasible  and  that  the  investigation  will  he  made  in  de- 
tail, the  waters  specified  in  such  notice  shall  not  be  subject  to  other 
appropriation  for  the  further  period  of  three  years  following  the 
date  of  receipt  of  such  certificate,  and  such  further  time  as  the  com- 
missioner of  public  lands  may  grant  upon  application  of  a  duly 
authorized  officer  of  the  United  States  and  notice  thereof  first  pub- 
lished once  a  week  for  four  consecutive  weeks  in  a  newspaper  pub- 
lished in  each  county  in  which  the  works  are  to  be  constructed. 
In  Wyoming  the  same  procedure  must  be  followed  as  in  Idaho. 

INFORMATION    CONCERNING    liANDH    UNDER    RECIiAMA- 

TION  PROJECTS. 

The  following  is  a  copy  of  a  letter  from  the  Secretary  of  the 
Interior,  dated  March  8,  1905,  addressed  to  the  Director  of  the  (Jeo- 
logical  Survey,  relative  to  the  establishment  of  bureaus  w^here  infor- 
mation may  be  had  concerning  public  lands  subject  to  disposal  under 
the  provisions  of  the  reclamation  act : 

On  the  10th  ultlnio  you  reported  to  the  Department  on  a  letter  of  January  26, 
1905,  from  George  H.  Maxwell,  who  urged  the  establishment  of  bureaus  of  Infor- 
mation in  connection  with  Irrigation  projects,  to  answer  impiiries  relative  to 
the  location  of  lands  subject  to  disix>sal  to  actual  settlers  under  the  provisions 
of  the  reclamation  act  of  June  17,  1002  (,T2  Stat.  L.,  388). 

Your  re|K)rt  has  been  duly  tH)nsIdered  and  In  a  letter  of  even  date  to  the 
Commissioner  of  the  (Jenerai  T^and  Ottlce  I  have  directwl  him  to  Instruct  the 
registers  and  receivers  of  the  several  land  districts  in  which  the  projects  are 
locatCHi  to  give  full  information  relative  to  public  lands  included  In  the  projects 
and  subject  to  disposal  under  tlie  act  mentiontMl  to  all  parties  making  inquiry 
with  a  view  to  actual  settlement  and  to  keep  the  engineers  of  the  Reclamation 
Service  fully  informed  by  corresiwndence  of  the  conditions  iK^rtaining  to  such 
lands. 

In  view  of  the  fact  that  the  work  of  construction  of  several  of  the  projects 
under  the  act  Is  well  advanced  I  direct  that  you  instruct  the  engineers  of  the 
Reclamation  Servl<-e  In  charge  of  the  various  proJ€»cts  to  keep  the  registers  and 
receivers  of  the  land  districts  In  which  the  projects  are  located  fully  informed 
by  correspondence  resi»ectlng  the  concUtlon  and  progress  of  the  work  of  construc- 
tion and  to  inforni  Uupiirers  that,  without  cost,  full  and  reliable  information 
rc»si»ecting  the  public  lands  to  be  dlsi)osed  of  under  the  act  may  In?  obtahuMl  from 
the  register  and  receiver  of  tb(»  land  district  In  which  the  lands  are  locateil. 

You  are  also  directe<l  to  authorize  the  chief  cnglnei»r  of  the  Reclamation 
Service  to  announce  with  each  project  that  Information  concerning  lands  to  be 
irrigate<l  thereunder  will  be  glv<»n  ollicially  by  the*  register  and  receiver  of  the 
land  district  on  re<|uest  therefor  addresstMl  to  them  at  the  proi»er  time. 

By  this  cooi>eratlon  of  tiie  otficers  of  the  Reclamation  Service  and  the  registers 
and  receivers  of  the  local  land  ottiivs  it  Is  l>elleve<l  that  all  iM»rsons  <l<»slrlng  to 
make  entries  of  lands  to  Im*  irrigated  will  be  enabled  to  secure  all  necessary 
information  respecting  su<-h  lands. 
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CONTRACTORS'  BONDS. 

The  Secretary  of  the  Interior,  in  letter  dated  April  26,  1906,  states 
that— 

Every  ct>rporatiou  authorised  to  transact  tmsiness  as  sole  surety  mider  tbe 
terms  of  the  act  of  August  13,  1804,  is  re(iulred  to  file  In  the  office  of  the  &«• 
retary  of  the  Interior  the  following  paiiers : 

(1)  Evidence  that  it  has  obtained  authority  from  the  Attomcar-Genenl 
under  the  act  above  mentioned  to  act  as  sole  surety  on  bonds  in  matters  affert- 
ing  the  United  States. 

(2)  Evidence  of  the  election  of  general  otHcers  of  tlie  comitany  for  each  jeir, 
witli  their  names. 

(3)  Names  of  tlie  persons  In  the  several  judicial  districts  of  tbe  UnHid 
States  autliorised  to  accept  service  of  process  on  behalf  of  the  company. 

(4)  Names  of  the  imrties,  however  designated,  autliorlsed  to  execute  boodi 
for  and  on  behalf  of  the  corporation  in  places  otlier  than  Its  home  oflloa 

(5)  A  copy  of  its  quarterly  financial  statement  as  tiled  in  the  Department  of 
Justice. 

In  cases  where  surety  companies  have  already  filed  with  the  Department  tbe 
evidence  and  statements  above  mentioned.  duplUiites  need  not  be  famished, 
but  in  lieu  thereof  a  certificate  may  be  appende<l  to  the  bend  statlog  that  tke 
pai>ers  are  on  file  in  tlie  office  of  the  Secretary  of  the  Interior. 

lilABlIilTY  TO  SUBCONTRACTORS. 

The  question  of  withholding  final  payment  due  under  a  oontnct 
in  connection  with  the  Truckee-Carson  project,  in  Nevadu,  by  reason 
of  a  claim  preferred  by  a  subcrontractor  for  supplies  and  labor  fur- 
iiisliod,  was  the  subject  of  an  opinion  rendered  by  the  assistant  attor- 
ney-general for  the  Department  of  thc»  Interior,  dated  February  *»i 
11)05,  and  approved  by  the  Secretary  the  same  day,  wherein  it  was 
held  that  a  mechanic's  lien  would  not  attach  in  favor  of  the  subcon- 
tractor on  work  completed  und(»r  the  contract;  that  the  Government 
incurred  no  liability  by  payinii:  to  the  contractor  the  balance  due 
under  his  contract;  and  that  there  is  no  ohlipition  on  the  part  of  the 
(iov(*rnment  to  aid  in  the  collection  of  such  claims  other  than  as  pro- 
vided by  the  act  of  Aupist  IH,  1894  (L>8  Stat.  L.,  278). 

The  said  act  provides  that  the  bond  recpiired  of  parties  entering 
into  contracts  with  the  United  States  in  the  prosecution  of  public 
works  shall  ccmtain  an  additional  obli«:ation  to  make  prompt  pay- 
n)ent  <o  all  ])ers()ns  furnishing  supplies  and  labor  in  the  conduct  of  the 
work,  and  that  such  pei^sons  may  brin^  suit  in  the  name  of  the 
linited  States,  for  their  InMiefit,  against  the  contractor  and  sureties, 
and  prosecute  the  same  to  final  jud^nent. 

The  opinion  cited  rulings  of  the  United  States  Suprt»me  Court  to 
the  (»ffect  that  the  United  States  can  not  Ik*  subjected  to  legal  proceed- 
ing at  law  or  in  equity  without  its  consent,  and  then  only  within  the 
authority  granted  by  some  act  of  Congress;  and  that  such  exemption 
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extendeil  to  the  property  of  the  United  States,  there  being  no  distinc- 
tion l)etween  suits  against  the  Government  directly  and  against  its 
property. 

KXTEN8ION  OF  TIME  ON  CONTRACTS. 

.     The  following  is  a  copy  of  a  letter  to  this  office  from  the  Secretary 
of  the  Interior,  dated  April  1,  11)05,  which  is  self-explanatory: 

With  resiMH't  to  oxIstiuK  and  future  contraicts  in  connectlou  with  reciunmtion 
projtHts  under  the  act  of  June  17,  1002  (.32  Stat  L.,  ;W8),  I  direct  tliat  you 
Instruct  the  en;jrineers  in  cliarjje  of  the  various  i)roje<*t«  that  wlienever  it  heconies 
evident  timt  tlie  worlc  covchmI  l)y  a  contract  can  not  l>e  completed  within  the  time 
fixed  tlierein,  they  notify  tlie  contractor  that  any  application  for  extension  of 
time  must  he  a(*comi)anied  hy  the  formal  c<^nsent  of  the  sureties  thereto  and 
lodg(Hl  with  the  Department  in  ample  time  for  the  allowance  of  the  application, 
if  such  action  may  he  determine<l  on,  prior  to  the  expiration  of  the  contract. 

PAYMKXT8   Foil   EXTRA   WORK. 

Vouchers  for  extra  work  should  Ih».  prepared  and  the  items  entered 
thereon  in  the  following  form : 

EXTRA    WORK. 

r>ahor  and  materials  as  iwr  attatrhed  itendzed  statement: 

Actual  cost  of  lalwr  and  materials $ 

Fifteen  \)er  cent  addtMl,  as  i)er  paragraph of  contract 


To  the  voucher  should  l)e  attached  two  papers: 

(1)  Itemized  statement  of  lal)or  and  materials,  with  engineers 
certificate  as  follows: 

I  herehy  certify  that  the  above  stat<»ment  of  cost  of  labor  and  materials  is 
<-orrect,  and  tliat  the  said  <'Xtra  worlv  was  |K»rfornaHl  in  accordance  with  my 
instructions  of ,  and  that  the  same  has  been  satisfactorily  i)erformed. 

(2)  Copy  of  letter  to  contractor  authorizing  the  extra  work. 

In  case  the  contract  makes  no  provision  for  the  added  15  per  cent, 
or  makes  it  necessary  to  insert  other  items,  tlie  voucher  should  l)e 
modified  accordingly. 

RKNT   OF   OFFKF8. 

The  Comptroller  of  the  Treasury  having  held  that  no  payments 
for  rent  should  l)e  made  unless  based  upon  a  formal  l(»as(»,  forms  of 
lease  for  office  buildings  for  the  Keclamation  Service  have  been  pre- 
pared, differing  only  in  regard  to  the  lessor,  the  forms  being  appli- 
cable, severally,  to  the  cases  of  an  individual,  a  firm,  and  a  corporate 
lessor.  Copies  of  these  forms  nuiy  be  obtained  on  application  to  the 
chief  engineer. 


/ 
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Each  engineer  of  the  Reclamation  Service  in  charge  of  an  office  is 
authorized  by  the  Director  of  the  Geological  Survey  to  sign  sudi  a 
lease,  subject  to  the  approval  of  the  Secretary  of  the  Interior. 

FUBCHASB  OF  ARMY  STORES. 

By  authority  granted  by  the  Secretary  of  War,  April  27,  1905, 
chiefs  of  parties  are  permitted  to  purchase  commissary  stores  and 
quartermaster  supplies,  including  officers'  supplies,  for  official,  camp, 
and  for  personal  use,  at  any  of  the  garrisoned  posts  enumerated  below, 
provided  such  stores  can,  in  the  opinion  of  the  commanding  dBoers, 
be  spared.  Cash  is  to  be  paid  for  both  classes  of  supplies  in  order 
that  the  proceeds  received  by  the  post  commanders  from  such  sales 
may  be  returned  and  again  expended  by  the  War  Department  for 
additional  purchases  during  the  same  fiscal  year.  The  price  of  quar- 
termaster supplies  will  be  contract  price  plus  10  per  cent.  The  price 
of  commissary  stores  will  be  contract  price  plus  10  per  cent  to  cover 
waste  in  transit  and  an  additional  amount  to  cover  cost  of  transporta- 
tion. Party  chiefs  applying  for  such  stores  at  garrisoned  posts  will 
show  cards  of  identification,  signed  by  the  Secretary  of  the  Interior 
and  countersigned  by  the  Director  of  the  Geological  Survey. 

Quartermaster  stores  include  practically  all  articles  osed  in  camp 
and  personal  equipment,  such  as  tents,  harness,  vehicles,  shovels,  axes, 
cots,  blankets,  leggings,  gloves,  cutlery,  tableware,  forage,  etc.  Com- 
missary stores  include  all  varieties  of  subsistence  supplies  and  such 
toilet  articles  as  towels,  sf)ai),  etc. 

The  following  garrisoned  posts  are  most  accessible: 

Adams.  Fort,  Newport,  U.  I.  E>?l>ert,  Fort,  Eai?le,  Alaska. 

Alleglioiiy  Arsenal.  Pittsburg,  Pa.  Ethan  Allen,  Fort,  Vt. 

Apache,  Fort,  Arizona.  Gibbon,  Fort,  Tanana«  Alaska* 

Assinniboine,  Fort,  Mont.  Grant.  Fort,  Ariz. 

Barrancas,  Fort,  Fla.  Hamilton,  Fort,  N.  Y. 

Hayard,  Fort,  N.  Mex.  Ilarris<m,  Fort,  Mont 

HIiss,  Fort,  El  Paso,  Tex.  Hot  Sprinj^s,  U.  S.  Gen.  Hosp.',  Ark. 

Boise*  Barracks,  Ik)is(»,  Idaho.  lluachiica.  Fort,  Ariz. 

Brady,  Fort,  Sault  Ste.  Marie,  Mich.  Jackson  Barracks,  New  Orleans,  La. 

Brown,  Fort,  Brownsville,  Tex.  Jay,  Fort,  New  York  City. 

Cast»y,  Fort,  Port  Townsend,  Wash.  Jefferson  Barracks,  St.  Louts,  Ma 

Caswell,  Fort,  SouthiK)rt,  N.  C.  Keoph,  Fort,  Mont 

(Mark.  Fort,  Brack ett,  Tex.  Lawton,  Fort,  Interbay,  Wash. 

Tolnmbus  Barracks,  rolunibu.s,  Ohio.  Leavenworth,  Fort,  Kans. 

('nH»k,  Fort  Nebr.  Lincoln,  Fort,  Bismarck,  N.  Dak. 

1).  A.  Kus.Hell,  Fort,  Wyo.  liiscum.  Fort,  Alaska. 

Davis.  Fort,  Nome,  Alaska.  Lopm,  Fort,  Colo. 

IH»s  Moines,  Fort,  Des  Moines,  Iowa.  Mackenzie,  Fort,  Sheridan,  Wyo. 

Donplas,  Fort,  I'tah.  Madison    Barracks,    Sackett    Harbor, 

Duchesne,  Fort,  Utah.  N.  Y. 

Du  Pont,  Fort,  Delaware  City,  Del.  Mason,  Fort,  San  Francisco,  Cal. 
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MeHenry,  Fort,  Baltimore,  Md.  Snni  Houston,  Fort,  Tex. 

Mclutosb,  Fort,  Laredo,  Tex.  Sheridan,  Fort,  III. 

McKinley,  Fort,  Portland,  Me.  Sill,  Fort,  Okla. 

McPherson,  Fort,  Oa.  Snelling,  Fort,  Minn. 

Meade,  Fort  S.  Dak.  Stevens,  Fort,  Greg. 

Missoula,  Fort.  Mont.  St.  Miebael,  Fort,  Alaska. 

Monroe,  Fort,  Va.  Thomas,  Fort  Newport,  Ky. 

Morgan,  Fort  Mobile,  Ala.  Vant*ouver  Barracks,  Wash. 

Moultrie.  Fort  Moultrieville.  S.  C.  Walla  Walla,  Fort.  Wash. 

Myer,  Fort  Va.  Washakie,  Fort,  Wyo. 

Niobrara,  Fort,  Nebr.  Wasliington  Barracks,  D.  C. 

Oglethorpe,  Fort,  Dodge,  Ga.  Wayne,  Fort,  Detroit,  Mich. 

Plattsburg  Barracks,  Plattsburg,  N.  Y.      Whipple  Barracks,  Prescott  Ariz. 

Porter.  Fort  Buffalo,  N.  Y.  W.  H.  Seward,  Fort,  Haines  Mission, 

Presidio  of  Monterey,  Cal.  Alaska. 

Presidio  of  San  Francisco,  Cal.  Wingate,  Fort,  N.  Mex. 

Reno,  Fort,  Okla.  Yellowstone,     Fort,     Mammoth     Hot 

Riley,  Fort,  Kans.  Springs,  Wyo. 

Robinson,  Fort,  Nebr.  W^right  Fort  Spokane,  Wash. 

Rosecrans,  Fort.  San  Diego.  Cal. 

REPORTS  ON  OPENING  OF  BIDS. 

In  order  to  secure  uniformity  and  completeness  in  the  repyorts  of 
boards  of  engineers  designated  to  open  bids  for  work  or  materials  in 
connection  with  reclamation  projects,  the  following  suggestions 
should  be  adhered  to  as  closely  as  possible : 

The  report  should  be  in  duplicate  and  should  include  a  statement 
that  the  bids  were  opened  at  a  certain  time  and  place  (being  the 
time  and  place  mentioned  in  the  advertisement),  and  that  all  the  bids 
then  received  are  transmitted  with  the  report. 

All  the  pai>ers  received  with  the  proposals  should  be  transmitted  to 
the  chief  engineer,  including  the  enveloj^es  in  which  the  bids  were 
received. 

On  the  outside  of  each  envelope  should  l)e  indorstnl  the  amount 
of  the  certified  checks  submitted  by  the  bidder,  and  the  number,  if 
more  than  one.    . 

The  report  should  also  Ik»  accompanied  by  an  abstract,  in  duplicate, 
of  all  the  proposals  received.  The  names  of  the  bidders  and  the 
information  given  concerning  each  bid  should  l)e  entered  on  this 
abstract  in  the  order  of  the  amounts  of  the  bids — the  lowest  first, 
then  the  second  lowest,  and  so  on. 

The  report  should  also  contain  a  specific*  recommendation  as  to  the 
award  of  the  ccmtract,  and  if  deemed  advisable  to  let  the  contract 
to  the  next  lowest  bidder  in  case*  the  lowest  fails  to  qualify,  an  alter- 
native recommendation  shoiihri)e  made. 

If  recommendation  is  made  that  the  contract  be  awarded  to  anv 


other  than  the  lowest  hidder,  the  reason  for  such  recoi 
shoiihl  Ik»  stated. 

The  rt»port  shoiihl  Ik*  in  such  form  that  it  can  be  subni 
Seoivtarv  with  the  Diiwtor's  letter  of  recommendation  i 
action  to  Im'  taken,  if  deeme<l  advisable. 

It  is  desirable  that  the  Imard  pn»pare  extra  copies  of  tl 
of  the  bids  and  forward  them  to  the  technical  papers  whicl 
the  adveHis(»ments  and  which  make  a  practice  of  printin 
of  l)ids,  unless  there  is  some  reason  for  tem|>orarily  withl 
information.  The  chief  en^inwr  should  l)e  informed  of 
of  any  publications  to  which  this  information  is  sent. 

All  bids  withdniwn  in  the  manner  contemplateil  by  th 
tions  and  all  i)ids  not  received  within  the  time  and  at  the  p 
tis(»d  should  In*  promptly  returned  by  the  Iward  uno{HM)ed. 

Water-Siipply  and  Irripition  Paper  Xo.  1)3,  pa^'s  71-8 
regulations  of  the  Indian  Office  concerning  the  openiii 
which  should  ix*  of  assistance  to  the  lx)ards  of  engineei's  in 
their  reports. 

STANDAHD  PROCmESS  RKPORT  COIiORS, 

In  the  preparation  of  progress  maps  and  diagrams.  Wins 
water  colors,  according  to  the  foHowing  table,  ai*e  the  stani 
ress  colors  for  the  Reclamation  Service,  and  should  be  used 

Colors  for  in'(Hjrrss  drairiiu/s,  hy  tuotilhs. 

Months.  Coloi 

J.iim.iry  -      -    -Sopi 

I'rluilMIN  -  V«»n 

M:ir<li  -    I'nis 

\|.ril  I>«'«M 

.liiiM-  ---         IlHli; 

.fiil.\  --      Indi; 

AiiLTii^l  S:ip 

S«'|>triiilnT  -                (I:mi 

()<h.lM'r  -    Srnr 

\n\<'iiilM'r  .    _  .  Now 
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Fill  in  fly-leaf  blank  the  first  day  level  lx)ok  is  used,  and  give  date 
on  each  page  of  notes. 

For  a  given  H.  I.,  rodinan's  notes  must  be  at  least  two  lines  lower 
down  page  than  levelman's,  and  they  should  not  turn  over  leaf  at 
same  time. 

Give  complete  information  regarding  source  from  which  initial 
elevation  is  copied. 

Insert  sums  of  fore  and  back  sight,  rod  readings,  and  difference 
between  them  for  each  page  of  notes. 

Commence  each  circuit  on  a  separate  page. 

A  bench  mark  should  be  established  for  each  mile  run.  Standard 
i)ench  marks  (posts  or  tablets)  should  not  average  more  than  3  miles 
apart. 

See  book  of  "  Instructions  '■  for  further  details  concerning  leveling 
work. 

SECONDARY  LEVELING. 

The  plumbing  level  is  dispensed  with,  and  the  turning  point  used 
only  when  running  over  muddy  roads  or  soft  ground.  The  notes 
are  kept  in  duplicate  and  in  about  the  same  way  as  for  the  primary 
work,  except  that  the  lengths  of  sights  are  not  usually  entered  and  the 
readings  are  recorded  to  hundredths  instead  of  thousandths  of  a  foot. 
The  lengths  of  sights  are  not  limited  and  may  be  as  long  as  can  be 
readily  taken. 

Benches  should  be  frequently  left  along  the  line  and  should  be  well 
placed  and  well  described.  Elevations  of  all  points,  such  as  road 
corners,  high  and  low  places,  bridges,  and  water  levels  should  be 
determined  and  neatly  j)aiiited  in  large  white  figures,  the  elevation 
to  the  nearest  f(M)t  only  to  Ik»  used.  The  outfit  for  each  party  consists 
of  15-inch  level  and  double  extension  Philadelphia  rod,  notebook, 
No.  4  pencils,  hatchet,  chisi*!,  r)()-f()ot  cloth  tape,  paint  can,  field 
glasses,  copper  nails,  and,  when  necessary,  a  turning  point. 

The  amount  of  si'condarv  leveling  necessary  depends  largely  on  the 
character  of  the  country.  In  the  rougher  sections  the  valleys  should 
\ye  leveled  and  along  the  ridges  the  lines  should  lx»  carried  until  the 
brow  of  the  hill  is  reached,  when  they  should  be  dropped.  In  gently 
rolling  country  it  is  advisable  to  follow  nearly  every  road,  secondary 
roads  receiving  attention  as  well  as  others  when  they  are  much  over 
a  mile  apart.  In  extremely  level  sections,  as  in  old  lake  l>eds,  coastal 
plains,  etc.,  only  such  lines  should  be  run  as  will  determine  contour 
crossings.  By  sighting  the  level  to  buildings  or  other  objects  it  can  be 
determined  whether  there  is  sufficient  rise*  or  fall  to  warrant  carrying 
the  line  through. 

In  marking  up  elevations  for  the  topographer  the  number  recpiired 
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depends  upon  the  nature  of  the  country;  thus,  in  the  rougher  regions 
few  are  required,  while  in  sections  where  the  ground  is  gently  roHing 
the  elevations  should  be  numerous,  and  in  extremely  level  sections 
each  contour  crossing  should  be  marked.  In  all  cases  every  road 
corner  passed  should  be  marked  and  at  all  good-sised  streams  both 
the  bridge  level  and  the  water  level  must  be  painted  up. 

Every  effort  should  be  made  to  save  time.  The  instrunnent  sbould 
be  approximately  leveled  by  manipulating  the  tripod  legs,  getting 
ground  elevations  under  the  instrument  by  placing  the  rod  alcmgsidef 
sighting  to  the  rodman^s  head,  or  shoulders,  rather  than  undertak- 
ing to  set  the  target  by  signals,  in  very  long  sights,  or  when  the  light 
is  poor,  and  many  others  that  a  good  levelman  will  discover.  No 
limit  of  error  is  prescribed  for  this  work,  the  general  understanding 
being  that  a  closure  within  a  fifth  of  a  contour  interval  is  suflkient 

CORRESPOKBKN^CE. 

LETTEB8. 

Brief  letters  of  inquiry  are  frequently  sent  to  engineers  in  the  field, 
the  answers  to  which  can  be  given  in  a  few  words.  It  is  important  to 
keep  down  the  volume  of  correspondence  and  typewriting,  and  in  par- 
ticular to  avoid  writing  new  letters  which  simply  repeat  the  question 
and  give  the  answer.  Wherever  possible,  engineers  should  indorse 
iipon  the  bottom  of  the  original  letter  the  appropriate  reply  in  a  few 
words  and  send  this  back  to  the  Washington  office.  This  can  fre- 
quently Iw  done  with  saving  of  time  and  energy  and  reduction  of  the 
anioiuit  of  material  to  Ix*  handled  and  filed. 

When  the  matter  is  of  siich  importance  that  the  engineer  desires  to 
keep  a  copy  of  his  statement,  this  simple  niethcKl  is  not  advisable,  but 
in  the  majority  of  cases  the  information  is  not  of  such  a  character  that 
«  copy  need  be  kept. 

TELE(JRAM8. 

The  Washington  office  frequently  receives  telegrams  which  are 
almost  unintelligible  and  which  rt»quire  a  most  careful  study  to  deter- 
mine the  probable  meaning.  Mistakes  in  interj)retation  of  such  tele- 
<rrains  are  not  rare.  To  correct  the  difficulty,  all  jjersons  sending 
tel(»grams  should  prepare  their  draft  without  punctuation  or  capi- 
talization, and  then  read  this  draft  carefidly  to  see  whether  the  mes- 
sage as  thus  written  is  intelligible  or  is  capable  of  more  than  one 
meaning.  All  messages  are,  of  course*,  reccMved  without  punctuation 
or  capitalization,  and  frequently  the  last  word  of  one  sentence,  when 
transferred  to  the  beginning  of  the  next,  completely  alters  the  sense. 
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.,   DISMI8SAIJ9    OF    EMPIX)YEE8    BEFORE    ENT>    OF    PROBA- 

TIONARY  PERIOD. 

The  following  is  a  cojjy  of  a  letter  from  the  Secretary  of  the 
Interior,  dated  March  27,  1905,  addressed  to  the  Director  of  the 
■    Geological  Survey,  in  regard  to  the  proper  coui-se  to  be  pursued  in 
dismissing  incomjjetent  ix*rsons  prior  to  the  expiration  of  the  pro- 
bationary period  of  their  employment: 

Referring  to  your  oouiinunlcntion  of  tbe  *2:{d  instant  subject  **  Dismissals 
prior  to  expiration  of  probationary  i>erio<l  **  of  employees  l)elonging  to  field 
l>arties  in  tbe  Reclamation  Servl(*e,  and  inclosing  witb  your  said  eonununicatlou 
a  copy  of  a  letter  addressed  to  you  by  the  chief  engineer,  dated  the  21st 
instant,  on  the  same  subject  I  have  to  advise  yon  that,  after  informal  confer- 
ence with  tbe  (Mvll  Serviw  Connnlssion,  the  [jroper  course  to  pursue  in  such 
cases  would  be  to  sus|)end  incomi)t»tents  |>ending  the  service  of  notice  on  them 
of  charges  and  final  action  thereon  l)y  tbe  Department.  Resi)ousible  oflicers  m 
the  field  may  be  given  this  authority  witb  instructions  to  rei)ort  promptly  all 
such  cases  where  sus|)ensions  are  made  for  inefficiency. 

HOI.BING   OF  OTHER  OFFICES  FORBIDDEN. 

Following  are  copies  of  Executive  orders  dated  January  17  and  28, 
1873,  on  the  subject  of  the  incumbents  of  Federal  offices  holding  or 
accepting  offices  under  State  or  Territorial  governments  or  under 
the  charter  or  ordinances  of  municipal  corporations: 

Whereas  it  baa  been  brought  to  the  notice  of  the  President  of  the  United 
States  that  many  i)ersons  holding  civil  office  i)y  api)ointment  from  him  or 
otherwise,  under  the  Constitution  and  laws  of  the  rnited  States,  while  holding 
such  FiHleral  |)ositions  accept  ofl[ices  under  the  authority  of  the  States  and 
Territories  In  which  they  reside,  or  of  municipal  (X)rporntions.  under  the  char- 
ters and  ordinances  of  such  coriK^rations,  thereby  assinning  the  dntit's  of  the 
State,  Territorial,  or  municipal  office  at  the  same  time  that  tlicy  arc  charged 
with  the  duties  of  the  civil  office  held  under  Federal  authority  :  and 

Whereas  It  Is  lielieved  that,  with  few  exceptions,  the  holding  of  two  such 
offices  by  the  s.ame  ix^rson  is  incompatible  with  a  due  and  faithful  discharge 
of  the  duties  of  either  office:  that  it  frcipicntly  givf»s  rise  to  great  inconvenience 
and  often  results  In  detriment  to  the  public  service,  and,  moreover,  is  not  in 
harmony  with  the  genius  of  the  (Jovernnient : 

In  view  of  the  premises,  therefore.  tb<»  Prt^sident  has  deemed  it  i>roi»er  thus 
and  hereby  to  give  public  noti<*e  that  from  and  after  tbe  4tli  day  of  March. 
A.  D.  1871^  (except  as  herein  spiM-ilicMl).  persons  holding  any  Federal  civil  office 
by  ap|K)intment  under  tlie  Constitution  and  tbe  laws  of  tlie  Fnlted  States  will 
be  ex|K*cted,  while  holding  sn<-b  office,  not  to  accei)t  or  liold  any  office  under 
anj'  State  or  Territorial  goveriunent,  or  under  the  charter  or  ordinances  of  any 
municipal  corporation  ;  and,  further,  tliat  tbe  acceptance  or  contiiuKxl  holding 
of  any  such  State.  Territorial,  or  municipal  olbce,  wlietber  <»lective  or  l)y 
appointment,  by  any  i)erson  liohling  civil  office  as  aforesaid  inider  the  (Jovern- 
nient  of  the  United  States  other  than  judicial  offices  under  tbe  Constitntion  of 
the  United  States,  will  be  detuniHl  a  vacation  of  the  Federal  otffce  held  by  such 
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|T0riKHi,  aulI  will  In*  tiikini  tt>  U\  ntn\  wSII  bi>  tfHltM  up,  a   reAig^Dstlun  Ixr  m 
Fwlt^r«l  i*i1li^v  af  b(s  eominiwion  or  MiriHiltitment  In  tli^  serrk^^  of  tbe  Vu\i 

Tht*  nrtU**^  «>f  Jiiatitt^  tif  ttii^  tH*n(H%  of  notnrlt*  public,  «tMt  of  cotumf^MHiu 
to  tnki*  ttu»  ni'kmiwlHlffiut'nt  nf  iKh^Ih.  of  lnin»  tir  to  uduiiuHtrr  (uithi^  i^bull  i 
\n-  ^U^*mt*^i  wlMiln  Ww  pnrv\e^v  i»f  this*  ttrdvr  iiud  an*  o?ttt*|iti'<l  fi't.Hii  it*  t*!** 
liiMi,  nrul  mii>'  Ik*  lK*hl  li>  Fiilonil  i>llli*i*rH. 

TIm-^  iil»rM>lTjuuriii  of  ijt»rniiy  UTiirstml  of  thi*  rulfi^l  Hlntf.'^  may  tm  eoutem 
MjHitt  Hlit*rllTN  or  iJi*iiuty  >(horiflr*i,     And  ili-fnity  tMk^Jrniintt^rn,   Mu*  tnouluitUHiU 
whuK4*  iiiWiH*  ilo  tio(  i^xc-i^hI  ^iKMI  ]it'r  iLiitiUtii.  art*  ulmi  oXt^vplinl   ft^»i]i   ttii*  i:w] 
tioiift  of  thU  (irik*r,  i\i^d  nmy  im*f^|it  iint]  hold  iA|i)hjtutni«'ntf*  iin^ler  Sfvilr.  IX^ri 
torJnt,   or  munk'ifmE   miUiorUy,  jki>tv!dHi   tlje  wmuil*  Ik*  ruuiiil    nut    to    iin**rfM 
with  tlif*  dlHf'Jiiirttf'  at  tht^U'  iltitU^  nn  fKmunnHt<*rM.     Heniliii  of  Pi^'iiurtuii^iklit  ui 
ottit^r  olhivm  (if   tht*   Uovmimeiit    whu    tuivi*  Uiv  amnAnitueui    «jf    ^iilKjnllnd: 
4irtl(f»rs  JUT  n^iiiirtHl  to  hikv  nolJi'e  of  ilils  orilrr,  ami  to  s*^*  to  tiit*  Htifiirf't^mf^ 
of  Ittt  iH*oviKlori?4  Mtid  terror  uitliin  thi-  Hpb*»ro  of  tbHr  n-sit^/five  nepfirtniiniti 
or  oiUrt^,  mill  UB  n*Uit<'w   to  \ho  Hi*vt*ni]   ipt*nw>iis  Uoldiui;  ij|>iK>1ntuH^nt!i  uadw 

Irki]i)irJ4*K  Imvhig  lu'iMi  niHde  frfiiii  vaHoim  iittarterfl  as  to  the  uppUeatiou  of  iW 
KxfjfUtlvi'  onlrr  isHiUHl  oti  tlip  17th  Jiiuiiar>%  n^lathi*:  tn  the  boldiag  of  SUt** 
or  muni  filial  ottifew  by  iH*tyi*.iu»  bttldtii;^  civil  otlk^'H  umlor  tht*  Ft*di*ral  Oo 
mriit,  thi"  l*ro?Jid*iit  dlm'tH  Hi*^  folkmUitf  n*ply  to  Ik*  mmle: 

It  liaK  lNH*n  iisktHl  vvhHtbei'  Iht*  onh-r  prohihitK  a  Ft*t]«*r!il  oltlcvr  from  Iwiidl 
at»«o  ttkc  oiiUv  of  ail  iitdornain  or  of  u  niaiioon  ^fauit'ihiiaii  In  a  v\iy\  or  of  ti  t 
iijiiiirlljuutL  lit  n  town  or  vilb»J5*^  or  of  aji|MjintniontK  uiu1i*r  oUy.  town,  or  rlHu, 
j^overnniotitw.  Uy  soaic  it  baw  lnH*tJ  ^utrtft^^itint  that  tbt*rt*  may  l>**  ^l»it!iiftkifl' 
mad<*  111  raW*  tlio  ofT^iH^  Is#j  vvHh  or  ^vtTboiit  niilary  or  niiti|MMiHHtb>iL  Tin*  Hty  or 
lowij  oHUn^s  a  if  tho  iJrsorliilloji  rptVrml  to,  by  vvrwitpr<*r  Ufiiues^  lb**y  luay  1»<? 
Ideally  known,  wb^tbof  beJd  by  eie^-tlon  or  by  a  pi  ointment,  a  art  wb**tber  vtiih 
or  wlfboii!  fialnry  or  (■omr"*ns!ition.  iirr  of  tbf  rhiHw  which  thi*  Ksci^tnitivt'  order 
intends  not  to  he  held  hy  persons  luddin;;  Federal  oHiees. 

It  lias  been  asked  wliether  the  order  prohibits  Federal  otticers  from  holding 
positions  on  lioards  of  eihuation,  scluud  <-onnnitti»es,  imblie  libraries,  religious 
or  eleenaisynary  institutions  incorporated  or  estahlishtxl  or  sustalnetl  by.  State 
or  municipal  autliority.  Positions  and  service  on  such  lM)ards  or  commit  teen, 
and  professors! lips  in  <-<>lle;,'es,  are  not  re;:arded  as  "  otflces '!  within  tlie  c*on- 
temi)hition  of  the  Fxecntiv<»  order,  l)ut  as  emph>ynH^nts  or  service  in  which  all 
Rood  citizens  may  l>e  euKa^ed  without  incompatlldlity,  and  in  many  cases  with- 
out necessary  int<'rf<'rence  with  any  position  wliicli  tliey  may  hold  under  the 
Feileral  (Jovernment.  Otiicers  of  tlu'  FtMleral  government  may,  therefore,  en- 
Kajje  in  smli  servi<-e,  i)rovided  the  attention  rcijuired  l»y  such  employment  does 
not  interfere  witli  t!H»  re^^'ular  and  etUcient  discliarj^e  of  the  duties  of  their  office 
under  tlie  Fe<leral  (Jovernnu^nt.  'i'la*  liead  of  the  Department  under  whom  the 
Federal  ollice  is  Iwld  will,  in  all  cases,  1k'  the  s<de  jud«e  whether  or  not  the 
emidoyment  does  thus  interfere. 

The  (piestion  has  also  been  asked  witli  n^pird  to  olhcers  of  the  State  militia. 
Congress  having  exercised  tlie  power  conferred  by  tlie  Constitution  to  provide 
for  organizing  tlie  militia,  which  is  liable  to  be  called  forth  to  be  employed  in 
the  service  of  the  United  States,  and  is  thus,  in  some  sense,  under  the  control 
of  the  General  (Jovernment,  and  is,  monM)ver.  of  the  greatest  value  to  the  public, 
the  Exei'utive  order  of  17th  January  is  not  considered  as  prohibiting  Federal 
officers  from  being  officers  of  the  militia  in  the  States  aud  Territories. 
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It  bns  been  asked  whether  tlie  order  prohibits  persons  holding  office  under 
the  Federal  Governuieut  l)eiMK  members  of  lo<.»al  or  municipal  tire  departments ; 
also,  whether  it  applies  to  mechanics  employed  by  the  day  in  the  armories, 
arsenals,  and  navy-yards,  etc.,  of  the  United  States.  Uni>aid  service  in  loi'al 
or  municipal  fire  deiwrtments  is  not  regarded  as  an  ofiiiH^  within  the  intent  of 
the  Executive  order,  and  may  be  performed  by  Federal  offi<*rs,  provide<l  it  does 
uot  interfere  with  the  regular  and  etficient  discharge  of  the  duties  of  the  Federal 
office,  of  which  the  head  of  the  Department  under  which  the  office  is  held  will, 
in  each  case,  be  the  judge.  Employment  by  the  day  as  nuH'hanlcs  or  laborers 
in  the  armories,  arsenals,  navy -yards,  etc.,  does  not  ccmstitute  an  ottice  of  any 
kind,  and  those  thus  employinl  are  not  within  the  contemplation  of  the  Execu- 
tive order.  Master  workmen  and  others  who  lH>id  apiiointments  from  the 
Government,  or  from  any  Department,  whether  for  a  fixetl  time  or  at  the 
pleasure  of  the  apiMiinting  power,  are  embra<*ed  within  tlie  ojjeration  of  the 
order. 

PRIVATE  EMPT^OYMENT  FOR«II>I>EN. 

Several  inquiries  have  come  to  the  chief  engineer  regarding  tlio 
propriety  of  engineers  or  assistants  of  the  Reclamation  Service  doing 
outside  professional  work.  There  are  (K»casionally  a  few  tempting 
opportunities  of  this  kind  where  a  considerable  fee  can  apparently  be 
earned  with  small  outlay  of  time.  The  experience  of  the  past  has 
shown,  however,  that  it  is  not  g(H)d  administration  to  permit  the 
engineers  to  be  diverted  by  outside  professional  work,  and  on  this 
point  the  Secretary  of  the  Interior  is  very  definite.  In  his  report 
for  the  year  ending  June  30, 1904,  he  says,  on  page  88 : 

The  reclamation  work  must  tlierefore  be  pla(*ed  in  the  hands  of  men  who  for 
years  have  given  the  subject  their  l)est  thoujjlit,  suul  tliese  men  must  be  pro- 
tected from  external  pressure  and  j^uardtnl  from  tlic  [K)ssll)llity  of  scllisli  con- 
sideration. In  tlie  orpmic  hiw  of  tlic  (JeoIoKical  Survey  it  is  providcil  tliat  tlio 
I>ir€»ctor  and  memlH»rs  shall  liave  no  iK'rsonal  or  private  interests  in  tlic  lands 
or  mineral  wealtli  of  tlie  rcj^ion  under  survey,  and  sluill  oxr<-iitc  md  surveys  for 
private  parties  or  cor|K)ratlons.  Tliis  law  api)lics  to  tlu»  Kcdaination  Service*, 
which  has  lK*en  made  a  l»ranch  of  the  (JtHilo^ical  Survey,  and  altli(>u;;li  the  law 
may  ocrasionally  worlv  Iiardslilp  I  l)clicve  tliat  Ko<>d  administration  nMpiires  its 
enforcement. 

In  the  case  of  several  men  coming  into  tlie  Service  it  was  agreed 
that  they  should  finish  up  the  consulting  work  on  which  they  had 
previously  been  engaged,  hut  it  is  believed  that  the  interests  of  the 
Serviw  require  that  this  work  should  be  brought  tc)  a  ilo^e  at  the 
earliest  possible  date. 

FKE8   FOR   OATHS. 

Treasury  Department  Circuhir  No.  57,  April  2*2,  11)05.  gives  the 
following  schedule  of  fees  which  notaries  public  and  justices  of  the 
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Thi^  i^^jK)rt  of  the  first  c<>iiferencc  of  the  eij|a:inetu's  of  the  Rwli 
lioii  Si'i'vir**  ( \Viiti^r-Sn|>pIy  and  Irrinntiun  Pnper  Xo.  IIH)  *xint 
(in  piigrs  *Uri-H5L  II  )Ut  giving,  in  jilplmlMHir-iil  onliT,  I  lie  iiatm 
llii^  princi[Htl  tm*n  nf  the  n*|4iiliir  force  of  thf  IW^hniiatiori  S**n  ice 
ihe  sal  it'll*  farts  rtJiuorning  th**ir  4*tliirnH(jn  nnti  t*3£[M*riciicp* 

TIm'  rrronls  i>f  a  rnn?^if1rrHhlo  iinnilR^r  of  ein|}kivt*i*s  wi*ih*  iiati 
jiliUi  at,  tliat  time,  howeviT,  and  many  have  sinrv  onten^d  the  S 
and  llit's<.i  ixtv.  listed  Inflow: 
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Ai>Aii{(,  V.  JituiKUT,  rij^iiKTrtiipc  rtlcl.  AiMrr^ss*  lio8tori,  Mit^s.  Riiru. 
Mai^H,.  NovMinttt^r  Hi  J.  \HH4,  VdlUfnXUni,  tloKton  publk*  EH^hcHilK ;  MiiHHa<r|itt 
TiiHtltiMf  ttf  NVfruiuIfiffy,  H.  H,  MomtxT  M.  I.  T-  Civil  Eni^lnetxinf?  Soc 
U«M»  (■(hIiiuui  i\nd  Ju!<ti*umi*iit  nirm,  Mns^adaisettiii.     Ap|M)lntef!   In   Rtri'lajQai 

A^^nu.Kit.  ,T,  ilwfr:M*  imgluiHTi ii^  aid,  ArldrojSji,  MoiitPosie,  CoJo.  Bom  l]j 
hrcUy,  Mn>  IS,  ISk;?,  I'Mnt^Hthu*.  i^niujioii  K^^luKilit  unci  MiKsmiri  i>c*luM>l  uf  Ml 
VMKl,  draftHtuaii  tor  Hivuiu  AtiiHhiiii<o  roiiipaiiy.  £^t.  Louis.  llHH-r>.  Instnif 
niJin  on  riiiuil  Wntion  with  Uf'chiinjitktn  Sortlrf*  in  Colorado.  Mari^ti  1!^^  I 
iip(K>littt*tJ  eiifcfirnHTlau  aUl  In  KtH^mnutUm  Smh^n*. 

A  V  A  K I A  N  *  .  fi  ^  UN  <  '  a  S  PI-JB,  H  KS I  rtl  a  1 1 1  ( '  I  ( j£  W I  iH"  \\  A  i  1  d  PfWH .  Jxis  A  IIIEf^lfH,  Ctt  L  I 
in  IJjinMjot,  Aria*-ijla*  Mjireli  1,  IKTri,  fame  hi  f^nttod  States,  4un*».  1 
USSiV]8lM,  duswtctil  cinjrne  in  Tnok  Ai^ncU^iny,  Slontoiir  Falls,  N,  V.  ti§ISM 
rijkwsital  ^luirsi'  in  I'ol^nti'  1 -iilvi^rsily.  njiiinir^iu.  N,  \\  lHi*r»-18nT.  kx'ture 
NVw  Kn^land  niiU  Middle  Stat*'?;  jind  l*H'in:*dii.  1H!1T-1>H,  *f.>JnnaTHal  travtvie 
N^^w  England  Statt'H.  Isas-HHrj,  H**nt^sHaor  FoiyttH*hnk*  Inst1tuU>,  Trtiy,  N. 
(',  E.  -Innp,  UK II!,  tu  January.  VMKl  dnift^nian  fur  !^^hl(;li  Vailiw  naiJn»u 
IMifTnlii*  X.  V,  rvtirnnry  to  Man^lu  Hk^'L  Ui^attnir  t'ti^^lriHT  for  Mufralo,  t 
kirk  and  W^'Htcrn  JtaMnmd,  April  t<»  Juin*,  l!K>;i  priv^tp  orfrce  In  I^c^s  Angii 
I'aL  .Tnly,  11M*II  to  Ffl>niary.  l!Mir>,  drjiTMiinni,  T'idtPfl  St»t(>s  Hoi'lfiiiia 
St^rvirr.  cm  Ynnia  jn-ojoct.  Starrli  24,  lUfir^  appointtHl  assUtaut  englu 
nei'hinaif ion  St'vvi^t*, 

Hakkh,  Shkijwjn  K.,  hydro^Tjgddc  aid.  Addn^H,  Washln;rton,  IX  i\  Bon 
Waj*hlnijton,  l\  t!,,  July  (1,  ISt^i.  MasKaebusetts  InwlHuto  t^f  Teiiinologj,  dei 
1:,  R,  coui'sy  111  siuiitary  enginm*rln^.  In  VM\t,  witli  a  firm  of  elvU  euglu« 
als4»  dmftsinnn  nndnr  Tsllunitin  Canal  ^Sinind^^iiiin.  In  VMYI,  trawrseu 
Tjiiterl  siatiN  n*Hdf*^:ii'Jil  Snrvi^v,  in  Mmilana.  Mhk},  enipJoytHl  hy  Spring! 
(  \fiiss.  J  SptH'ial  Wnlcr  (^ojiiadssani  as  a^isistant  i*n:;imH*r  and  da^njiftt  on  ex]. 
na^nlnl  lilt  ml  inn  nf  jiviMIt'  water  i;u[i|dy.  Also  i'aipioyed  (ni  liRctpriolo^rlt'^il 
rhondeal  inialysi^H  of  uafor.  ManOi  2^1,  1J«4.  a}^jH>lnte<l  hydroj^rapido  aid 
I(i»claniatkai  Servk'(\ 

RAtA'H,    TiELANO    Ri-ILI.A,    etijrintKTltii:    Mid.     Addnw^i,    IIuntk*y,    Mont.      B< 
NclllHvlIK   WlH,.   Man-ti   Ul   IHMT).     Edufalion.   Tnlversity   of   WismiiKln,    B, 
in  f^.  K,     l^Mij^,  jisslHtJitit  to  fonnty  snrveyor  rif  Clark  County,  Wta.,  dm 
vacations,     A  pi  kj  In  tod  In  Reclamation  Service  May  22,  li)OD, 
238 
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Bingham,  Joseph  Inkoff,  engineering  aid.  AddreKH,  Browning,  Mont.  Born, 
lAK'kwood,  N.  Y.,  December  11,  1877.  tklucation,  Starkey  Seminary,  N.  Y., 
1808.  Graduated  In  Manitary  enginetM-ing  at  University  of  Wisconsin,  1904. 
llKn-2,  cbainman,  rodman,  and  levelnian.  Lehigh  Valley  Railroad.  19()3,  trav- 
erHemau,  United  States  Geological  Survey.  lJK)4-5,  location  and  construction 
work,  Chicago  and  Northwestern  Railroad.  Appointed  In  Recrlamation  Service 
May  1,  1905. 

Brennan,  Michael  Shelly,  engineering  aid.  Address,  (Chicago,  111.  Born 
ill  Rhode  Island  Deceml)er  25,  1870.  Kducation,  Brown  University,  19<K),  C.  E. 
Summer  of  1809,  street  and  water  departments,  Providence,  R.  1.  1900-19as, 
inspector  of  concrete  bridges,  Inspector  of  pile  driving,  and  assistant  engineer, 
Illinois  Central  Railroad.  1003-^,  transitman  and  chief  of  party  laying  ter- 
minal tracks,  St  liouls.  11KK4,  lns|)ector  of  rtH»nforce<l  concrete  bridge  work, 
Chicago,  111.     ApiK>inted  In  Reclamation  Service  Marcli  7,  1J105. 

Brothers,  Walter  A.,  s(>ecial  disbursing  agent.  Born  Septemlier  1,  1879. 
High  school  education.  Entered  R(M*lamation  Servict*  January  Ki,  19(Ki.  May 
1,  1905,  promoted  to  si)e<'ial  disbursing  agent  and  stationed  at  Casiwr,  Wyo., 
on  North  Platte  proje<*t. 

Brundage,  Frank  Homer,  assistant  engineer.  Addn»ss,  Washington,  D.  C 
Ik)rn  at  Oil  City,  Pa.,  August  21,  1877.  E<lucation,  civil  engineering,  three 
years  at  Case  School  of  Ai»i»Ii<Hl  Science:  one  year  at  Cornell  University. 
1899,  draftsman,  Webster  Camp.  Lane  Machine  Company.  Akron,  Ohio.  1899- 
J902,  aid.  United  States  Coast  and  (JwHletlc  Survey.  Ii)02-H,  computer,  United 
States  Coast  and  (Jeodetic  Survey.  March  5,  190:5,  transferred  to  computer, 
TTnited  States  Geological  Survey.     July  1,  U>f>4.  promoted  to  assistant  engineer. 

BuRRAOE,  John  Otis,  assistant  engineer.  Address,  Fort  Laramie,  Wyo.  Born, 
I^>well,  Mass.,  February  13,  1877.  Education,  four  years  student  of  civil  en- 
gineering at  Tufts  College,  class  of  IIKK).  Member  Te<'bnical  Society  of  the 
Pacific  Coast;  Junior  American  Society  of  Civil  Engineers.  1899,  in  engineer- 
ing office  on  Merrlmac  River,  Massachusetts.  1!MH>.  enginetM*  and  draftsnnm 
American  Ordnance  Ctmiimny.  Britlge|M)rt.  Conn.  1901.  with  Union  Iron  Works, 
San  Francisco,  in  drafting  nwmi.  lJ)02-llHr».  draftsman,  bureau  of  engineering, 
city  engineer's  office,  San  Francisco.  Ai)iK)inte(l  in  Reclamation  Service  May, 
lJK»r>. 

("allister,  Thomas  C,  jr.,  engin(»ering  aid.  Ad<lress,  Fillmore,  Utah.  Grad- 
uate Agricultural  College  of  Utah,  B.  S.  in  C.  E.  In  1J)02,  measuring  streams 
under  Agricultural  College  Experiment  Station.  1!K«,  field  assistant  with  Recla- 
mation Service  In  Utah  and  Idaho.  11K>4,  installing  private*  teieplume  system 
connecting  the  towns  of  Millard  County,  Utjih;  also  field  assistant  with  Recla- 
nnition  Service  in  Idaho  and  Utah.  VMH-^t,  on  construction  work  with  San 
l*eilro,  lAm  Angeles  and  Salt  Lake  Railroad  as  ottice  and  field  assistant.  Jan- 
uary, 1905,  api)ointed  engineering  aid  in  Reclamation  Service. 

Carberrv,  Ray  S.,  assistant  enginiHU'.  Addn^ss,  Mitchell,  Nebr.  Horn,  Secoo, 
111.,  May  3,  18Ta.  Education,  University  of  Illinois,  School  of  (Mvil  Engineer-. 
Ing,  B.  S.,  1895.  189.^»,  city  engin(H»r  on  ccaist ruction  of  sewer  system.  18J)t», 
land  and  drainage  surveying.  ]81MM)7,  city  engineer,  Monticello,  III.  1897-98, 
drainage  and  dredge  work  in  central  Illinois.  1898-llHM),  engineer  and  general 
manager,  Marj-sville  Canal  and  Improvement  Company,  Idaho.  1901-2,  level- 
man,  in.stnmient  man,  and  assistant  engineer  Oregon  Short  Line.  1903,  on  grade 
rediK'tion,  Wabash  Railroad,  central  Illinois.  1904.  Wabash  Railroad  construct- 
ing World's  Fair  grounds  terminals.  19<M-r>.  Instrument  man  Chicago  and 
Northwestern  Railroad  Company,  Chicago.  Appointed  in  Reclamation  Service 
April,  1905. 
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CAat'EMTEUp  WiLUAvi  T.,  vns:\nvi.'^v\n^  nUL     Address,  IHttstou,  Vh.     GtHd 
LvIiIkU    tlidver^il}',    llHri,    dc^ret*   IX    ^1.     Out*   yofir   with    */oast    find   <?pm 
Sni'v**j\   on    li.vdroi:rui»liU'    work*     July    lU    VM^k    trnusfcrrtNl    to    RtN-lHiug 

Vaus,  FiiA?«fK  IlK\nv,  triui^itortittlott  ti|fi?ut  Uorn  hi  Ah>Jc:i£iitrlR«  K.  H«1 
I'jitiil  hi  mini  I  Hi'lKHdH.  HngngetJ  in  niMiMinl  work  fn>jn  LSiJii  an  in*wi 
lin*kinnan»  h*k*uni|*U  oiM*nHi*r,  mul  uifoiit  im  vnHmH  rMllnnuH  From  IW^ 
1!M^4  inniHi>yi><J  hjy  the  Chlenpii  iind  KiJ«t€*n)  UlhioU  Hnlli-oad  its  frvltflit  t* 
ti{£H»(,  htti  of  ladhiir  clork,  (tuitrut'thii;  up;eitt,  iind  huiditT  itp^tit.  Octio 
hMM»  ntifH^hdnl  fr»iiwfHvrtntU>n  iis^^^nt  hi  the  HtH'htrinition  Hervi*-^, 

MriryNvllir,  OUicK  IkH^'iidMT  2J1»1S71L  l^klnoatJmu  imt^ik'  and  hi|:h  HeJitKils^  I 
i\ry  1.  UN  14,  to  May  K  llHlTi,  Hli>iiui,'vaj*ht*r  hi  id  l*<xikke('jx^r  hi  Ilolf^^  ofllc^.  It 
nnition  SiM'vic'*\     Mny  1,  UN»r»,  a|i|it»lntiHt  i^poflid  dli^liun^hij:  aj^eiil. 

rj>:imoRM,  *hms  v.,  cai^hnvrhiif  jiliL  lUtrii  IKHvailier  23.  KSSii,  at  Otu 
Iowa.  GniduatiHl,  ISOfl.  fnim  Ouuwa  U\^U  1*p1um>1  ond,  11X13,  Iowa  8tatt*  CoJ 
with  d<-tfriH*  fif  B.  MhL  E.  J!«rJ.  truaHUniiin,  YelkiWHtone  Park  Initmn-^eii 
HMH,  luhihm'  [n  Colorad<j.  V^H,  histnnaont  man,  MoiiQna-lIrirrt>it)ti  Cy^i 
iU*\vn)  diti^Ji;  U^vrl  rodiaHn  svlth  liah(HJ  StjiU^  (JtHjIOijIeat  Surwy  hi  Wynai 
Niifi«>rhit<Midont  KoyK(rnn'  Toid  roaipnay  iit  Slu'^lliurn.  IniL  ApinMattil  ^^lg^ll 
hijiC  aid  In  Ih'oltitimtloh  Srrvkv  Marth  1:4,  ItwCi, 

Cca.K  l>*  \\\*  «'niij4tni<'nn)£:  iMii^hnH^i**  Hnra  hi  Cii.'i>r>!hi,  Mny  UK  liSijn,  1 
(*MlloJi  hi  hoau*  iu"jMh*iiiy.  lN*^4-8n»  on  rati  road  Hijfvoys  ha  Nt*w  Mt^xh^^  and  C 
nido  11^  KXiafia,  rhahiaiiin,  nnd  nMlmnti.  IKHiV-IKhh,  with  KLirlingtun  $^jr« 
as  rtKliuaii.  tiiKtraaund  iniitK  aKH[»luiit  t*nKiai>iT»  and  ru»ldi*nL  cnits:1ni*i>r  »m 
Vi^y^,  ifaiHtnji'HtMu  ;ia<I  auihdinumt'c?.  ^HHlK  «*ii^hut»r  or  adntn^i  nni\  woriin 
f*tilrvi;^n  WlhahnjTton,  jinil  ViTailUoh  Coal  Cwujwmy.  I*ili>-1IL  n^wSiJi^nf  **iigl 
hi  (*hjirj,^*  hpjivy  <^inj*tnirlUpn  nnd  trark  hiyhrtf  for  lA>uisvhli>  arid  Xa!*li 
UaUroad.  IWU,  on  rnhmad  lot-ation.  ToRhIo  to  Chk'ap^.  IHUli-hCi,  ctiirlnt^t 
hidastrhil  I'^irrM^rarluaH  Sn  nortliern  lUhioJH.  tWM-tJrK  n»sldcnt  uns^inot*!*,  j4ur 
niid  foiistiui  linn  wsUrrsiijipIy  systt^n.  Watt'iiairy,  r<ain.  ISJm^^Ukmi,  iiTnaiA 
(♦ni^hii'rr  im  rtHJslnii'tiou,  survi^yti,  :iJid  Htudit's  for  inHriiiK^Ut^in  water  Inxir 
Mnw»*iifhii?*iL*ttK.  irN)1-2,  n^Hlduiit  engineer,  constrnHUm  of  dams,  reservoir, 
a|i|*urtennnrf*M  for  city  of  \Viit**rhury.  Cimn.  UHKi,  prlndiial  m  insist  ant  eiii^ii 
CiitskfJI  deimrtiuent,  c<anniij<sl<ni  un  sidditionnl  wattr  mTi»iily,  Nesv  York  ( 
liMK;^,  nil  surveys  and  stndiew  for  northern  Sr\y  Jersey  dtxKi  eomm!]S! 
June,  IIMH,  aiipointetl  t.-oiistrufUn^  enjcineer  hj  Utvlnmntlon  Service. 

CoMsTiK  Kt  ITahoui  iJE^aaou.^,  c?ughiiH.^rhi;j  iiid.  Address.  Chehen,  Vt.  1 
Jn  Verniiint,  June  1^i»  18S2.  Unuhuite  of  iJiirtaiouth  t'ldle^e,  deirree  K.  8,. 
Tlaiyer  Si'tuK>l  of  CiviJ  ICn^hnvrhig,  ih'^n^"  C.  R  In  ItMCi,  rtHltnan.  transit  t 
and  fon^pnter  on  a  ti*pojcriiitbic  survey  of  West  I  Hunt,  N.  Y,  August  22,  1 
ajiiMdate*]  eujfhu.M*rhiK  nid  hi  Heehnuiitkni  Servkv- 

CoNNKK.  Uai-P!!  ^L.  eii*;intH4'iu^  lUd.  Address^,  Eust  Wilton,  Me.  iSori 
Maine,  Jinreli  2'^.  1K78.  (Jriiduate  of  WUton  At-adeaiy.  Whtoa.  Me,,  tim 
I'nhersity  of  Maine,  dej^n^o  B.  S.  hi  i\  E.  Measured  How  of  St.  (*rolx  It 
nt  Sprn^jueH  Fnhs,  Me.,  llKKl  ISMrJ,  sissistnnt  rivll  enjrhieer,  Uuniforil  I 
l*ower  Ciiaipnny.  l!Mi''*,  llnieki4'[MT  siiid  s^nperintendi-nt  for  nHitl*:ietiH".  T 
hi  aiiilheaiatit-s,  I  iilversily  nf  Mnhie.  June  'j,  IIHM,  npiKdnttnl  ejij^lntH^rmg 
hi  the  rti't'hinintioa  ^erviee. 

CiK^iTKR.  VVALtK)  Kc  ABfJSTTK,  asHlHtant  euginc*or.  Address,  Wyntiate,  V 
lli>rn,  WfstlMjnj,  Mjms.,  OetoU^r  12,  18TT,  Ednejitlon,  enunaon  tiiid  hl^fh  seh< 
MeaitM*r  Boston  Society  of  Civil  Enghnvrs,  IS1Hi-i»7,  with  nietrot*t>lU^in  w 
hoard  on  surveys*  and  eoustructlon  of  SudL>ury  reservoir,     IS1I7-U8,  struct 
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(IraftBOiAn.  1898-99,  inspector  of  construction  of  filtration  beds,  Clinton,  Mhss. 
1899-in(»r>,  with  nietrojiolitHn  water  and  sewerajjo  tionrd  as  rodnmn  and  Instru- 
ment man  on  construction  of  highways  and  hydraulic?  works.  Clinton,  Mass. 
Appointed  in  Reclamation  Servicie  April  21,  l(M)r). 

Coupe,  Alfred  L.,  engineering  aid.  Address,  Huntley,  Mont.  Born  at 
I*lyniouth,  Mass.,  April  7,  1S84.  Mucation,  Massachusetts  Institute  of  Tech- 
nology, 1900-1902.  1902,  rodman,  instrument  man,  and  insiKK'tor,  Boston  and 
Albany  Uailroad.     Appointed  in  Reclamation  Service  March,  1905. 

DoKBFLiNo,  Richard  (vEorue,  irrigation  engim»er.  Address,  Yuma,  Ariz.  Born 
in  Germany,  March  8,  ISHiH.  Graduate  of  Columbian  University.  B.  S.  in  civil 
engineering,  1898.  Completed  course  in  mechanical  engineering  of  the  Scran- 
ton  Correspondence  Schools  in  1895.  Associate  meml>er  American  Society  of 
Civil  Engineers.  1881-1884.  apprenticed  to  county  surveyor  in  Germany.  1884- 
188(>.  surveyor  and  draftsman  on  railroad  location  and  construction,  Harz 
Mountains.  188(5-1889,  surveyor  and  draftsman.  North  Sea- Baltic  Canal. 
1889-90.  draftsman,  street  department,  St.  Louis,  Mo.  1890-1894,  topographer 
on  upper  Missouri  River  surveys.  1894-1898,  draftsman,  engineer  department. 
District  of  Columbia.  1898-99,  structural  steel  draftsman,  yards  and  docks, 
Navy-Yard,  Washington,  D.  C.  1899-1902,  superintendent  of  construction,  United 
States  engineer  department,  Pittsburg,  Pa.,  on  locks,  fixed  and  movable  dams, 
and  operating  machinery  for  same.  1902-C5,  structural  engineer,  Pacific  Rolling 
Mills,  San  Francisco.  Cal.  190;5— J,  in  private  practice*.  1904-5.  superintendent 
of  construction,  twelfth  light-house  district.  Since  January  1,  1905,  irrigation 
engineer.  Reclamation  Service. 

Drane,  Brent  Skinner,  engineering  aid.  Address,  Atlanta,  Ga.  Born,  Eden- 
ton,  N.  i\,  September  9,  1881.  Education.  University  of  North  Carolina,  1902, 
A.  B.  Summer  of  1901,  with  United  States  (Jeological  Survey  on  Investigation 
of  damages  by  floods  In  North  Carolina  and  Tenncssw*.  1901-2,  lalwratory  assist- 
jint.  University  of  North  Carolina.  1902-1(K)4,  field  assistant.  Unltinl  States 
(ieologlcal  Survey,  in  North  Carolina,  South  Carolina,  Tennessee,  and  Virginia. 
llMM-5.  field  assistant,  Unitcnl  States  (ieological  Survey,  in  southeastern  United 
States.     Appointed  in  Reclamation  Service  May  22.  VMCt. 

Dt'GANNE,  Charles  Geob(;e.  sp(M*ial  disbursing  agent.  Address,  Fallon,  Nev. 
Horn,  Savannah,  (5a.,  .June  IH^  1881.  Education,  conmion  school.  ApiM)lnted  in 
Ueclamatlon  Service  March  1,  1905. 

Edson,  (Gordon,  engineering  aid.  Address.  Cnneadea,  N.  Y.  Born  in  New 
York,  August  1,  1877.  Education,  Houghton  Seminary,  Iltmghton,  N.  Y..  and 
Syracuse  University,  degree  C.  E.,  1904.  UM),'},  chairnian  and  field  assistant 
United  States  fJeoiogical  Survey.  Five  years  teacher  in  public?  scliools  of  New 
York.     April  1,  1904.  appointtMl  engineering  aid  in  Reclamation  Service. 

Ensign,  Orville  II..  electrical  expert.  Adtlrcss,  Los  Angeles,  Cal.  Born  in 
New  York  State,  July,  18*kS.  Grammar  and  high  sch(M)l  cMlncation  :  two  years 
c<mrse  in  nie<'hanic  arts,  Cornell.  1H83,  machine  shop,  Ithaca,  N.  Y.  1SS4-188(>, 
Schenectady  Locomotive  Works.  1SS7-88,  on  construction  of  Isolated  |>lants  for 
Edl.son  Electric  Company,  New  York  City.  ISSO- 189;^.  in  charge  of  test  and 
chief  inspector  of  General  Electric  Company's  factory.  Schenectady.  N.  Y.  1893, 
moved  to  California ;  consulting  engineer  on  t(»st  of  first  tlu-ee-phase  transmis- 
sion plant  in  America,  at  KtHliands,  Cal.  1894-9.').  electrical  and  nu^-hanical 
engineer  r^>s  Angeles  and  Pasadena  Electric  Railway  and  Los  Angeles  and 
Santa  Monica  Railway.  1890-li)04,  eUH?trical  and  mechanical  engineer  of  the 
comr)anies  now  known  as  Edison  Company  of  Los  Angeles,  constructing  and 
oi^erating    long-distance    hydro-electric    plants.     Member    American    Institute 
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Electrical  Engideem.     Ntivembt^r  1^  lOfM,  njii>r»hitp<1  f^Wtl'Ifnl  €»xpcrt,  Rec^ltiiiui* 
t\mi  Berries. 

Fi»iiKa  CAa8ii!8  Asa,  aashtiiut  gipologlHt*  ArlttivsH,  Wrif^liiii^oiit  D.  C  Horu 
tij  NeUniskiu  Fel)ruary  17>,  1HT2.  Uw^eivi^J  a  nuijmoii  s4*ljoal  wluratioiL  In  !J*i?^ 
eiJtenMj  preiiaratory  wehoiil  at  Fretnout,  XiHir*  KiitorfHl  I'nivei'^ity  of  NebniMks, 
ISl»:i  rn:*m  wlih^b  lu^  i,'railuale*l  In  imH,  ISLHj^iiRn,  fit4il  assl^taitt,  UnltH 
IStHki^  (knihi^lf'^il  Sunvy*  duriujr  tlehl  Nt*af^>ns.  Apfniidtwl  ftJlow  In  geofi>|?>  ui 
l'nh*iM***lty  of  XcbrHHka,  IKH  arnl  dtirhi^  tin*  Adknviiii;  year  tiBHl>^tant  i:t*olcjgit*t 
ttj  till,*  Nebniska  8tate  (k»(>lo^k'»i  Survt'y.  M.  A.,  rtilven<H,r  of  Nt^hnmka,  VMl 
linn-2,  fic4d  aHrtiHtmit.  I'aHfKj  Statt^  ih^^kfii^i^nl  Hurvt^v.  IfM):^-:^,  HsslHtijtit  Jn^ 
stna^tor  ia  gt^ology.  Yak*  l'iUvt»j"8ity.  Author  of  variimw  iiul»lkMiions  on  gi^ilnsrir 
MubJtH'tr**  IWl  to  (late,  with  UtX'Iaiaatloij  *S**nitts  iiivf^tlpitinu  i;:eo|og}'  niwl 
unijfrgr*mnd  wate*r**  \q  y^w  Mexk-o,  Wyoming,  ami  (Colorado, 

FisriEB,  Frnkht  JAirEs,  i>ugLmH»ririg  aid,  Addi'esSi  Browningi  Mont  Br>m, 
Morris.  Mliin..  Augtmt  4,  IKTIX  Edur-atUm,  Uidvt*i"^lly  of  Wl«t*on»tii,  C.  R,  mH. 
ICM'tl,  ftialaiuaa  with  hH^ntkiri  jiartyt  WiMnaiHlii.  VMV2^  levelnian,  HnfttHl  Stat^ 
Geoloijknj]  Survey,  !ii  MiKKourl.  llM»!i  tniverst'juan  in  ArUanaaj?.  IJim^**.  titnlfr 
englm^T  inalateaniir'e  of  wjiy,  (Jrrat  Noiltiern  Railroad,  May  1,  1905,  nfii|M>lat«il 
In  RuolaujatUm  Servk*^, 

FoLLANaitKEp  RonKBT,  Jissjstarit  riigiatna'.  Address,  As^liUy  niou,  Df^lsiplfliiiv 
Vrt.  Horn  In  M1aiM»Moia*  Juno  L  ISTli.  nraduiitiMl  from  t'ornf?ll  Uuivi*n<itjf  in 
clvf!  euicim'erlng  in  V.^VI.  V.wr2-ti,  oiigiiiKM'  with  a  11  raj  of  general  contra  dor* 
or  Clf^vt'laod,  Ohio.  llHKj,  riM-nnlor  witii  riiUiMl  Static  Lake  8iirve>%  l>**fnvit, 
MiiOi.  January -A]  a'i  I.  IIMM.  draflr^auin,  Uuit^nJ  States  (ieidojiriml  BHfVt'y. 
AinHl  IK  V*>iH,  iipiHdntcHj  jissistaal  Hiiiriivin'r  in  Rt^'lamatlon  Servlciv 

FrkNuaiv,  Willi  Air  H,,  ifogijavring  aid^  Adtlre^^s,  Itlmea,  N.  Y.  B*>n*  l»i 
Mnatjina.  Sp|>teailier  *Zih  1^^^^  tiradujito  HoKonian  Uigli  Sehool  ami  of  Aitm- 
tann  AKrii'idtnral  folli.';;*',  <li»grtH'  H.  ('.  F.  r.MH>,  on  stream  mej^KiireinerktH.  i*t('„ 
Montana  K3Cl*prlaient  Stati4aL  li)<n.  tHinthjiuHl  name  work  and  alsto  did  iransh 
survey  lag.  lIMtL'-il.  on  Htn-am  nu»asiinanvut  amt  stviiage  work  :  als<r  wiirkH 
for  Uniteii  States  Ueulogieal  Survey  as  level  nHliiiaii  and  assistant.  19US, 
traversemau,  United  States  Geological  Survey,  July-November.  April  9,*190i 
ai>i>ointed  engineering  aid  in  Reclamation  Service,  and  assigned  to  stream- 
measurement  work  in  Montana. 

Frickstad,  Walter  Nettleton,  assistant  engineer.  Address,  Leetville,  Nev. 
Born  in  New  York  August  17,  1879.  Full  course  in  civil  engineering.  University 
of  California;  graduated  In  1901,  degree  B.  S.  1901-3,  with  Southern  Pacific 
Railroad  Company,  on  location,  construction,  and  insi>ectIon.  1903-4,  assistant 
engineer  for  C.  A.  W^arren  &  Co.,  on  construction  of  divisions  1  and  2  of  main 
canal,  Truckee-Carson  project,  Nevada.  August  2(i,  1904,  appointed  engineeriug 
aid  In  Reclamation  Service,  and  January  1,  1905,  promoted  to  assistant  engineer 

Gorton,  W^illard  L.,  engineering  aid.  Address,  Chamber  of  Commerce  Build- 
ing, Denver,  Colo.  Born  in  Wisconsin  June  13.  1881.  Graduate  of  University 
of  Oklahoma,  degree  A.  B.  1902,  tapeman  and  rodman,  Missouri,  Kansas  and 
Oklahoma  Railroad,  on  construction  and  relocation.  1903-4,  with  Bums  k 
McDoruiell,  hydraulic  engineers,  Kansas  City,  Mo.,  making  preliminary  surveys 
for  waterworks  and  in  charge  of  construction  of  Chickasha,  Ind.  T.,  water- 
works and  sewerage  system.  May  8,  1904,  appointed  engineering  aid.  Reclama- 
tion Service.  May-October,  1904,  on  surveys  in  connection  with  Milk  River 
project,  Montana.  November  8,  1904,  transferred  to  Wyoming.  Novembef^- 
December,  1904,  in  charge  of  toi)ographic  party  on  Interstate  canal.  North 
Platte  project.     January,   1905,  on  topography  and  triangulation.   La   Plata 
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project,  Colorado-New"  Mexlt-o.  February-Mairch,  in  Denver  office  on  work  con- 
nected with  the  North  IMatte  project. 

IlALX*,  Holland  Sebvtb,  englneerlnjr  aid.  Address,  Ann  Arbor,  Mi»'h.  Born 
in  Illinois  May  19,  188().  Public  and  high  school  education ;  also  B.  S.  in  civil 
enjnneering,  Univcraity  of  Michigan,  1004.  August  2G,  1904,  appointed  engineer- 
ing aid  in  Reclamation  Service. 

Hammond,  George  A.,  superintendent  of  borings.  Address,  Ossining,  N.  Y. 
Bom  in  New  Yoric  State  June  2:j,  18iM).  1880-1893,  with  New  York  City  water 
supply,  making  borings  for  dams  and  a(iueducb<.  18?)4,  with  Anieri(ran  Diamond 
Drill  Comjmny,  Virginia.  185)4-05.  assistant  engineer,  Osslning  Electric  Rail- 
road. 1895-96,  with  New  York  City  water  supply.  189<^97,  chief  engineer, 
Ossining  Electric  Railroad  Comi)any.  1807-18J)9,  sui»crlntendent  of  borings. 
United  States  Deep  Waterways  Commission.  IIXJO,  on  drill  work  in  Mexico  and 
California.  1900,  sui>erlntondent  of  l)orings,  Erie  Canal.  1901,  on  drill  work  in 
British  Columbia.  1901-1903,  superintendent  of  Imrings.  Pilleys  Island  Pyrites 
Company,  Newfoundland.  IIKKJ,  on  Pennsylvania  Railroad  tunnel.  New  York 
City ;  also  Professor  Burr  commission  on  additional  water  supply,  New  York. 
1003-4,  drill  exi)ert.  Unit(Hl  States  Geological  Survey.  March  1,  1904,  apiwinted 
superintendent  of  borings,  Reclamation  Service.  Inventor  of  **  Hammond  *' 
jetting  process  for  sinking  casing. 

Hatch,  Lewis  M.,  assistant  engineer.  Address,  Denver,  Colo.  Born  at 
Taconia,  Wash.,  Noveml)er  28,  1880.  1902,  Washington  State  College  and  School 
of  Science,  degree  B.  S.  lJ)02-;5,  toiKjgraplier  and  transltman,  Northern  Pacific 
Railway.  1903-4,  assistant  eugim?er,  maintenance  of  way.  Northern  Pacific 
Railway.  August  15,  1904,  ap[K)inted  englnwring  aid  in  Reclamation  Service 
and  promoted  to  assistant  engintH?r  February  15,  1995. 

Uayt,  Robebt  Olcott,  assistant  engineer.  Address,  Huntley,  Mont  Born, 
Corning,  N.  Y.,  October  25,  1877.  Education,  Corning  High  School;  four  years 
in  Schcx)l  of  Applied  Science,  Columbia  Tniversity.  1JKK^-11K).'».  city  engineer. 
11M):^1905,  engineer  of  gas  company.  April  25,  1905,  appointed  in  Reclamation 
Service. 

IlKiLEMAN,  William  U.,  scientist  (land  classification).  Address,  Berkeley, 
Cal-  Born,  Des  Moines,  Iowa,  OctolK»r  1i»,  AHiW).  Education,  Iowa  State  College, 
B.  S.  and  M.  S.  McuiImt  American  Chemical  Society,  Society  of  Chemical 
Industry,  Tendon.  1891-181M;,  assistant  chemist,  Iowa  Experiment  Station. 
18ir>-i;)01,  chemist  in  charge  Wasliington  Experiment  Station.  1901-2,  soil 
expert.  Bureau  of  Soils,  Department  of  Agriculture.  1(K)2-199.5,  scientist  In 
charge  of  alkali  re<*lamati<>n  installations.  Bureau  of  Soils.  Api)ointed  in  Recla- 
mation Service  May  10,  1905. 

llENNY,  Davh)  CiiKisTiAAN,  Consulting  engineer.  Bom  in  Arnhem,  Holland, 
November  15,  18<K).  (iraduate  of  Government  Polytechnic  School,  Delft,  Hol- 
land, as  civil  engineer.  18S1.  Engaged  in  reclamation  district  work  and  rail- 
road location  in  Holland,  18Sl-lS8t.  In  railroad  construction  in  Iowa,  1884-85. 
In  waterworks  i-onstruction  in  Eastern  States,  1S8.'>-1S87.  In  railroad  construc- 
tion, Colorado;  bridge  work.  .Missouri  ;  tunnel  construction.  New  York,  1887-88. 
In  waterworks  construction,  Alabama,  Soutli  Dakota,  and  Ohio,  1888-89.  In 
general  engineering,  Colorado  and  Ctah,  18SJ>-1891.  Manager  Excelsior  Wooden 
Pil>e  Company,  1892-HK)2,  engaged  in  constrmrtion  of  wooden  stave  pipe  and 
general  contracting.  llHr2-llK)4.  general  manager  Redwood  Manufacturers'  Com- 
pany. San  Francisco,  Cal.  Designed  and  constrnctcnl  new  plant  at  Black 
Diamond,  Cal.,  consisting  of  wharves,  yards,  tracks,  i)ower  house,  factories,  dry 
kilns,  etc.  Organized  all  <*ompany's  working  forces  with  offices  at  Black  Dia- 
mond,   San    Francisco,    and    Oakland.     1891-1904,    designed    and    reported   on 
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various  waterworks  and  water-power  projects.  Gonsbltliis  enstneer  Wen 
Side  and  West  Los  Angeles  water  coniimnies.  Expert  for  tbe  dty  €»f  OaUani 
on  waterworks  valuation.  Member  elvll-service  examination  board,  englneeriiiK 
department,  San  Francisco.  Two  terms  president  Technical  Society  Fstdle 
Coast  February  8,  1906,  appointed  consulting  engineer  In  Reclaoiatlon  Sertte 
Horn,  Frank  C,  constructing  engineer.  Address,  Minidoka,  Idahot  Bom  In 
Illinois  January  8,  1861.  Public  and  high  school  education.  Studied  and 
worked  under  direction  of  civil  engineer  engaged  in  general  practice.  IWL 
transitman  on  surveys,  and  in  1882  assistant  engineer  on  constmctloii,  8L  Loob 
and  San  Francisco  Railway  Company.  1883,  with  an  engineer  in  general  pne- 
tice.  1884,  transltman  and  later  assistant  engineer,  Burlington,  Cedar  Rapidi 
and  Northern  Railway.  1885-8G,  principal  assistant  engineer,  Lake,  111.  18B7- 
1889,  chief  engineer  and  superintendent  department  of  public  works,  Lake,  10. 
1889-1894,'  with  contracting  Arms  building  waterworks,  sewerage  qyatems.  nil- 
roads,  buildings,  etc.  1894,  on  track  elevation  In  Chicago  for  Lake  Shore  and 
Michigan  Southern  Railway  and  Chicago,  Rock  Island  and  Pacific  Ralhray. 
1896,  in  charge  of  construction  of  regulating  works,  Lockport,  111.  lIM^lWOt 
with  sanitary  district  of  Chicago,  bridge  department,  on  masonry  coiiBtmctloo. 

1900,  in  charge  of  construction  of  water-power  plant,  Joliet,  111.  1900-1901 
assistant  chief  engineer  on  construction  of  water-power  plant.  Swan  Falls,  Idaba 

1901,  remodeling  and  enlarging  water-power  plant  at  Kankakee,  111. ;  and  later  In 
charge  of  constructing  Alter  beds  for  Denver  Union  Water  Company,  Denver, 
Colo.  1902-1905,  resident  engineer  in  charge  of  construction  of  granite  nuwHiiy 
dam  at  Lake  Cheesman,  Colo.  January  17.  1905,  appointed  constmctfog  engi- 
neer in  Reclamation  Service.    Member  American  Society  Civil  Engineers. 

HosiG,  Irwin  Benjam in,  hydrographic  aid.  Address,  Sun  River,  Mont  Bon. 
Hartford.  Wis.,  May  24, 1884.  Education,  Hartford  (Wis.)  high  school,  fourywn 
in  civil  engineering  at  University  of  Wisconsin,  1901-1905.  Appointed  In  Recla- 
mation Service  May  1,  1905. 

Howe,  Henby  A.,  aHsistant  engineer.  Addrc«8.  C€Klar  Creek,  Montrose 
(*(ninty,  Colo.  Born  in  MMS8a(>lius(>tts,  September  2,  1870.  Degree  S.  B.  in 
1805  from  Lawrenw  Scientific  School,  Harvard.  18n5-llK)5,  with  metropolitan 
water  Iward  of  Ma8sa<*husetts,  as  rodman,  instniment  man,  and  assistant 
engineer.  January  12,  1005,  appointeil  assistant  enj^ineer  in  Rei'laniation 
Service  in  charge  of  Gunnison  tunnel  alignment  and  levels,  Uncompahgre 
Valley  proje<'t,  Colorado. 

Hubbard,  Ray  I).,  assistant  engineer.  Address.  Klamath  Falls,  Oreg.  Bom 
Bro(k,  Xehr.,  July  11.  187.3.  Edncati(»n,  University  of  Nebraska,  1900,  B.  8.  in 
C.  K.  1JKX)-1902.  general  civil  and  mining  engineering  in  South  Dakota.  1005. 
surveyor-generaKs  office,  South  Dakota.  UKKi-llHVl,  assistant  State  engineer 
of  Nebraska.  Noveml>er  12,  IIMM,  appointed  assistant  engineer  In  Reclamation 
Service  and  assigncnl  to  Klamath  projinrt. 

Johnson,  Luther  E.,  engineering  aid.  Address.  Lawton.  Okla.  Born  in 
West  Virginia,  August  10.  1881.  Graduate  of  Missouri  University,  1901. 
llHn-2.  rodman  and  chainman.  1J)04.  drafting  and  field  work  during  appraisal 
of  town  lots.  Sulphur,  Ind.  T.  Septeml)er  10,  IIXU.  appointed  engineering  aid 
in  Reclamation  Service  and  assigned  to  duty  in  Oklahoma. 

Kkmpton,  George  Rutherford,  electrical  engineer.  Address,  Denver,  Colo. 
Born  Amenia,  N.  Y.,  November  22,  187r».  Education,  common  school,  one  year 
Albany  high  school ;  two  and  one-half  years  Drexel  Institute,  mechanic  art* 
department;  three  years  Tufts  Toilege,  graduating  in  1900  with  degree  of  B.  S. 
in  electrical  engineering.    1900-1002,  with  General  Electric  Company,  Scbenec- 


NEWELL.]  PERSONNEL   OP   THE   SEBVICB.  245 

tady.  N.  Y.  1902-1905,  electrical  engineer,  office  of  Supervising  Architect,  Treas- 
ury Department.     June  0,  1905.  appolnteii  In  Reclamation  Service. 

King,  Clifford  M.,  engineering  aid.  Born  December  17,  1879.  Address,  Mini- 
doka. Idaho.  Graduated  from  Western  Reserve  University,  degree  A.  B.,  1901 ; 
Cornell  University',  degree  C.  E..  1904.  Assistant  engineer  for  the  Deschutes 
Irrigation  and  I'ower  Company,  Bend.  Oreg.,  1904.  Draftsman  for  the  Oregon 
Water  Power  and  Railway  Company.  Portland,  Oreg.,  1905.  Appointed 
engineering  aid  March  7.  1905,  in  Reclamation  Service. 

Larson.  Andrew  B..  engineering  aid.  Address,  Salt  Lake  City,  Utah.  Born. 
Levan,  Utah.  November  ;i0,  1872.  Education,  Agricultural  College  of  Utah, 
1894.  degree  of  B.  C.  E.  1895.  chairman  on  land  survey.  1890.  rodman  for 
Rio  Grande  Western  Railroad  Company:  later  promoted  to  levelman  on  same. 
Appointed  in  Reclamation  Service  May  1.  1J>05. 

La  Rue.  Eugene  C  engineering  aid.  Address,  Riverside.  Cal.  Born  in  Cali- 
fornia. November  11,  1879.  Graduate  of  Riverside  Grammar  School  and  High 
School.  Graduate  of  University  of  California.  C.  E.  June  1,  1904,  appointed 
engineering  aid.  Reclamation  Service. 

Lee,  Willis  Thomas,  assistant  geologist.  Address,  United  States  Geological 
Survey,  Washington,  I).  C.  Born  in  Pennsylvania.  December  24,  1864.  Grad- 
uate of  Wesleyan  University.  Middletown.  (^onn..  Ph.  B.  1894-95,  assistant  in 
cbemistrj'  and  physics,  Rhode  Island  State  College.  1895-1898,  professor  of 
gtH>logy  and  biolog>%  Denver  ITniversity.  1898,  degree  M.  S.,  Wesleyan  Uni- 
versity. 1898-1900,  fellow  in  geology,  Chicago  University.  1900-1902,  princi- 
pal of  high  school,  Trinidad,  Colo.  1902-3,  Johns  Hopkins  University. 
Author  of  various  public*ations  on  geological  subjects.  1{K)3  to  date  with 
Keciamation  Service,  investigating  underground  waters  in  Arizona,  eastern 
C^alifornia,  and  New  Mexico. 

Lewis,  Samuel  James,  assistant  engineer.  Born  in  New  York  August  7, 
1879.  Education,  grammar  schools  and  college.  New  York  City,  degree  B.  S. 
1902-3.  general  engineering  and  stream  measurements.  1903.  rodman  and  sta- 
tion assistant.  United  States  Geological  Survey.  April  11,  1904,  appointed 
liydrographic  aid.  and  on  July  1.  11X>1.  i)romoted  to  assistant  engineer  in 
Keciamation  Servit-e. 

Lkihtfoot.  William  J.,  engineer.  Address.  North  Yakima,  Wash.  Born  in 
Oliio  March  8.  1857.  Attended  Soutlicastern  Normal  Sch(H>l.  Took  preparatory 
Latin  and  (Jreeek  for  classical  course  at  Marietta  College.  Marietta.  Ohio.  June, 
1881,  degree  B.  S.,  Kansas  State  Agricultural  College,  after  which  some  months 
were  sj)ent  at  Kansas  State  University.  Associate  member  American  Society  of 
Civil  F^ngineers.  From  1K82  to  1892  in  railroad  location,  construction,  and  main- 
tenance, most  of  the  time  with  Atchison,  Topeka  and  Santa  Fe  Railroad  Com- 
pany. 1892-18tH).  in  private  practice  and  as  Unltoil  States  deputy  mineral  sur- 
veyor and  mining  engim»t»r.  Cripple  Cre<»k.  Colo.  1H91>-1JM)4.  United  States 
examiner  of  surveys  ami  special  disbursing  agent.  Department  of  the  Interior. 
June  1,  1904,  appointt»d  engineer  In  Iteclamation  Service  and  assigned  to  duty  on 
Uncompahgre  Valley  project,  Colorado. 

LiLLis.  Burton  C..  assistant  engineer.  Address.  Billings,  Mont.  Born. 
Ottawa,  111.,  July  27.  1879.  Education,  Case  Sch(x>l  of  Applied  Sciences,  1902, 
B.  S.  1901,  on  railroad  maintenance  of  way.  19<)2-3.  assistant  engineer  sewer 
department,  Cleveland.  Ohio.  llK)3-4,  aid  Coast  and  (Jeodetlc  Survey.  Ap- 
r)ointed  Reclamation  Service,  June,  11K)4. 

LiND,  Geoboe  Edmuxd.  Jr.,  special  disbursing  agent.  Address,  Roosevelt, 
Ariz.  Born,  Baltimore,  Md..  August  .'?.  18(>(».  E<lucatlon.  common  schools. 
Baltimore  City  College,  Hamixlen  Sydney  College.  Virginia,  and  Atlanta  Medical 
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College,  M.  D.  Surgeon  in  quariintine  service.  Snvnnnnh,  Ga.  Employed  in 
vital  statistic-8  division  of  Census  Bureau.  Since  181K5  has  l>een  coniiei*ted  with 
the  (Jeoiogical  Survey.     Appointtnl  in  Uei-laniation  Service  IKH^niber  5.  IIKM. 

Lyman,  Henry  Levion,  engineering  aid.  Address,  Wasbington,  D.  C.  Bom 
in  Russia,  April  14,  1881.  Education,  Massacliusetts  Institute  of  Technolc^. 
IWH.  B.  S.  1901,  roduian,  Boston,  Mass.  1902,  plane-table  imrvey  in  New 
Hanipsiiire.  1903,  rodnian  and  instrument  man  on  Waebusett  Aqueduct,  uiet- 
i*opolitan  water  board.  Clinton,  Mass.  1904-5.  structural  draftsman,  Boston. 
Mass.  1905,  draftsman,  American  Bridge  Company,  New  York,  N.  Y.  Ap- 
IMiintetl  Ueclamation  Service.  March  7.  1905. 

Lytel.  .Tames  L.,  assistant  engintvr.  Born  in  Pennsylvania  June  23,  1872. 
University  of  Nebraska,  degrw  B.  S.  1889-1892.  assistant  on  dam  construction 
and  tramways  for  logging  and  milling.  18I>8-99,  sergeant,  Third  Nebraidia 
VoluntetT  Infantry.  1J)00-1JK)2.  draftsman  and  toi)ograpber  in  en^neering 
department  of  military  government  of  Cuini.  1902-1904,  with  Mexican  Central 
Railway  as  topographer,  transitman,  and  lo<*ating  engineer.  19(U-5,  with  lTnit«^ 
States  Iteciamation  Service,  in  charge  of  drafting  and  designs,  Uneompahgre 
Valley  project.  March  7,  1JK>5.  appointed  assistant  engineer  in  Reclaniatioo 
Service. 

Mc(iKEHAN.  Paul,  assistant  engint^er.  Address.  Kansas  City.  Mo.  Bom  in 
Ohio  June  13,  1872.  Education.  Kansas  C^ity  High  School,  Park  Ck>IIege.  PariJ- 
ville.  Mo..  Colorado  Sc1uh>1  of  Mim^,  and  Montana  School  of  Mines.  18W.  on 
city  surveys,  Kansas  City.  1895,  nxlman  on  railroad  location  and  construction. 
189.5-1897,  topographer.  1897.  topographer  and  assistant  locating  engineer  in 
southern  Illinois.  1897-98.  in  charge  of  c«mstruction  of  nortliem.  terminals  of 
the  Cotton  l^lt.  Engineer  officer.  ITnited  States  Army,  1898.  In  1899-1900. 
cngin(K»r  on  railroad  location  and  construction.  1900-1901.  with  B.  &  M.  Mining 
Company.  Butte.  Mont,  llM)l-2,  eugin(»er  on  railroad  location  and  construction. 
19<rj-:{,  IcM-ating  cngintK^r,  Orient  Railway.  April  27.  1904.  apiwinted  assistant 
cnj;in(»cr.  RiH-lamation  Scrvi<-c. 

M((;i{K(;oi{.  RoHKRT  R.,  cngimHT.  A<lclrcss,  Reno,  Ncv.  Born  in  California 
NovcmlKT  2r..  1S7:{.  KdiKntioii.  Loinpcr  Tnion  Iligli  Sciiool  and  I'niversity  of 
California.  \SUU.  rodninn  nncl  instrument  ninn,  Soutlicrn  Pacific  Uailnwd. 
11MM).  tnuisitninn  witli  Kldonido  Lunil>cr  Conip.-my  ;  also  cngimn^r  in  charge  of 
railroad  location  and  construction.  lIX)2-:'>.  assistant  <MigimH*r,  Southern  Pacific 
CompMny.  on  railroa<l  rcconstni<-tion  in  X(»vada.  llHKi— 4,  field  assistant.  liecla- 
ni.Mtion  Service.  Marcli  2.'5,  IIMM.  appointed  assistant  enginiH^r.  and  on  January 
1,  l!Kr>,  proniote<l  to  engineer.  'Pruck<»e-( 'arson  pn»je<-t.  Nevada. 

.McKiNNKV.  .John  M.,  <»xaniiner.  Address.  Wasliington,  I>.  C.  Born  at  New 
York  City  Septenil»er  K).  isr^».  ({raduate  Washini^ton  High  School.  1879.  and  of 
Nati(»nal  Tniversity  Law  School,  degree  M..  R..  l.S.s:i.  I.L.  M.,  1S^^.  1S8<MS84. 
I'nited  States  Censns.  1S.S4-  lIKi."i,  (icneral  Land  Ollicc^ — last  ten  years  on  riglit- 
of  way  work  relating  to  irrigation,  railro.-nls,  etc.  .fannary  2(».  1905,  transferretl 
to  Recl.-nnation  Service  as  exnininer. 

.M  ACT  IKK.  Thomas  Fkancis  Jamks,  electrical  engineer.  Address.  Denver. 
Colo.  P»orn  in  Massaclmset ts  August  '\.  1S75.  (Jraduate  of  Massachusetts 
Institute  of  Technology.  1S97,  degree  P..  S.  in  electrical  engintH»ring.  180(». 
rodnian  with  Boston  hoard  of  survey.  1S97-1S1H).  transitman  and  mlculator. 
1S99-11M)1.  draftsman  aiul  calculator  with  bridge  d(»partnient.  city  of  Boston. 
1IM)1  o*J,  elcM'trical  engineer.  Supervising  Arclnt<'ct's  ()ni<-(».  Treasury  I>epart- 
UMMit.  llHrj-l!MM.  expert  electrical  aid.  Navy  I  >(M»artnu»nt.  May  10,  1901, 
transfernHl  to  R(»clamation  Servi<-e  as  electrical  engineer. 

Markan,  IlKRaEKT  WiiKELKK,  assistant  engineer  of  soils.     Address,  Washing 
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ton.  D.  C.  Born  in  Washington,  D.  C.  December  26.  1878.  Education,  Colgate 
Uulverslty.  degree  A.  B.  1001-1905,  asHlHtant  in  the  Soil  Suney,  United  States 
Department  of  Agriculture,  engaged  in  field  work.  Author  of  various  United 
States  Soil  Survey  re|K>rts.  April  24,  1905,  transferred  to  lleclamation  Service 
as  assistant  engineer  of  soils. 

Mabtin,  Danux  Grant,  engineer.  Address,  Idaho  Falls,  Idaho.  Born  in 
Ohio  June  19,  1805.  Fiducation.  connnon  school,  academy  at  Chetopa,  Kans., 
and  Kansas  Normal  College,  Fort  Scott.  Kans.  1882-1880,  teaching  school 
and  attending  college.  1888-1800.  teaching  school.  1800-01,  with  Idaho  Falls 
Canal  and  Irrigation  Company.  1802,  engineer  and  general  superintendent 
Idaho  Canal  Company.  180.'i-1807.  county  surveyor  of  Bingham  County,  Idaho. 
180,1-1800,  general  engineering  practice,  city  engineer,  Idaho  Falls,  Idaho. 
1800,  assistant  engineer.  Idaho  Canal  (^ompany,  on  canal  construcftion ;  engineer 
on  Indei)endent  canal,  St.  Anthony,  Idaho,  and  Marysvilie  canal,  Marysville, 
Idaho.  1807,  with  Idaho  Canal  Company,  designing  and  constnicting  dams, 
flumes,  headworks,  etc.  1807-08,  superintendent  of  construction  of  Marysville 
canal,  Marysville.  Idaho.  1808.  employetl  on  Idaho  canal  and  Fort  Hall  Ues- 
crvation  canal ;  also  employed  by  Iudei>en<lent  Canal  Company.  St.  Anthony, 
Idaho.  1808-00,  with  Bingham  Irrigation  and  Power  Company.  1000-1901, 
dam  and  canal  work  on  Tine  Crw»k,  Bear  Klver,  and  Little  Lost  River,  and 
made  the  preliminary  surveys  and  estimates  for  the  Twin  Falls  Land  and 
Water  Company  in  Cassia  and  Lincoln  counties.  Idaho ;  also  canal  and  reser- 
voir reconnaissance  surveys  on  North  Fork  of  Snake  Ulver,  Idaho.  1002,  survey 
and  estimates  on  canal  from  Bear  Uiver  to  (Uiesterfield,  Idalio,  and  general 
work;  also  city  engineer.  Idaho  Falls,  Idaho.  100,1-4.  with  Twin  Falls  Land 
and  Water  Company ;  division  engineer  in  charge  of  constniction  of  dams 
across  Snake  iliver  at  Mllner,  Idaho.  April  1,  1004.  appointed  engineer. 
Reclamation  Service.  In  charge  of  work  on  Minidoka  proji»ct,  Idaho. 

Martin,  William  F..  hydrographlc  aid.  Address.  I^os  Angeles,  (^al.  Born, 
Attoyac.  Tex.,  January  7,  1878.  Education,  graduate  of  University  of  Texas. 
One  year's  graduate  study  at  Cornell.  B.  S.  and  C.  E.  Member  Texas  Academy 
of  Science.     Appointed  in  Reclamation  Service  June  14,  100."». 

Mkans.  Thomas  II KanEUT.  engineer*  of  soils.  Address,  Berkeley,  Cal.  Born  in 
Virginia  Noveml)er  15.  1875.  (iraduate  of  Waslilngton,  I>.  C,  High  Schcwl, 
ISJKi.  scientific  course.  B.  S.  In  gwlogy,  Columbian  University,  1808;  M.  S.  in 
geoiog>%  Columbian  University.  1001.  180.5-11H)4,  with  Department  of  Agricul- 
ture in  study  of  western  soils  and  nietluMls  of  managing  Irrlgattnl  lands.  May 
0,  IfKU.  apiwinted  englntn^r  of  soils  In  Reclamation  Service. 

Mkndeniiall.  Walter  Ci:rrax,  g(M)loglst.  Address.  Washington,  D.  C.  Born 
in  Ohio,  February  20,  1S71.  EducatloiL  high  school,  Portland.  Oreg. ;  P..  S., 
Ohio  Normal  I'nlverslty,  Ada.  Ohio:  Harvard  Uulverslty;  IIeldell>erg  Univer- 
sity. 1804-1J)01,  assistant  geologist,  UnlttMl  Stnt«»s  (ieologlcal  Survey.  Feb- 
ruary 5,  1001,  appolnttHl  gtH)logist,  United  States  (itM)loglcal  Survey.  Author  of 
(Geologic  section  along  New  and  Kanawha  rivers  (with  M.  R.  Campbell)  ; 
Ueccmnaissance  from  Resurrection  Bay  to  Tanana  River.  Alaska,  1808;  Ter- 
tiary granite  In  Northern  Cascades,  Washington  (with  (ieorge  Otis  Smith), 
1000;  Reconnaissance  in  the  Norton  Bay  region,  Alaska,  IfKK);  Reconnaissance 
from  Fort  Hamlin  to  Kotzebne  Sound,  Aliiska,  1001 ;  Mineral  resources  of  the 
Mount  Wrangell  district.  Alaska  (with  F.  C.  Schrailer),  1003;  The  Wrangell 
Mountains,  Alaska,  100.*^;  Development  of  underground  waters  in  tlie  Coastal 
Plain  region  of  southern  California  (3  reports)  :  Hydrology  of  the  San  Ber- 
nardino Valley.  California:  (»tH)logy  of  the  central  Copper  River  region,  Alaska, 
in  preparation ;  also  various  extracts  and  short  articles. 
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UlNi-ni«  James  HKNRr-  assist ftiit  etiK^rnvr.     Addresui*  WaiTeusvllle,  Ohio.    Bom 

In  MjiN*4n<'hiisHiH.  Novonilior  di.  1877.  Kiluf-ntlmi,  riihTi^sib'  SrboiiL  n«*¥^ 
liiurl,  Olilo^  ami  tVirriHl  T'iiiviT?!itj%  tU'Ki'*^*  *-'*  1^*  Junior  iiieniber  of  Am.^Tifmi 
Society  of  ClvU  ICiJghie**r«.  lIKKi-llNfJ,  with  ChUnt^a  lutiX  Nortliwcs^teru  HB\h 
vrii}\  taiieiDHu,  ixKliLinn,  timl  tniusltiuaij  un  t'lJiiHtfUctiou  of  Si'^t^onil  tr^K'k  tnwi 
uml\iiex\t\nce  of  way  of  loww  dlvlsloiL  lfMl2-;^,  with  MuH4.in  City  nmX  Fart  lio^t^ 
Raflnmd,  trans  It  ma  ii  on  mvc^tlon  of  Deia  Moines  Itlver  vfndut'L  JUlCi,  witJi 
Norfolk  and  WuHtorn  linilway,  UiKtrnnient  uinii  mj  iireHminiiry  survey  for 
Lyndilnirg  i-ni-olT.  S^^iiteuilierH  VMl,  asj^lwtajvt  mijslntH^r,  I'aK*^  foal  and  C^v 
Company.  VMK^,  wUli  litx'k  In  hind  systoiu.  drafts  man  ki  t'lilef  enijliit?er*M  mliiv. 
lOlM*  a.sftlifltant  en^lrif^^"  with  Njitlonnl  TninHlt  Ciaupany  und  Pnnri*>  c*il  ntv\ 
Gas  Company.  April,  IIMMh  ap|wauteil  engineering^  fikl.  ami  November  ITi.  !9iH. 
prtanoted  to  assist  ant  enghieer  In  Heelrtmrttlon  Service. 

AIoKBiLi.,  VViLnrtt  X.,  tojKi^raiiher.  Address,  New  Alhanj.  Incl.  litlundMi. 
Purdue  irtiiverBity.  1S91,  B.  V.  fi.  181)1,  instrument  man  (Chicago  draliaigp 
fiUJal  1892-JJCt,  engineer,  Amerh-an  Hy draulif  DrtKiifin;;  t*an*jinii>\  tUjira^*. 
ISIH  to  18f>7,  general  i^ini^trut'th^n  nf  nteel  hrldireH  and  waii'rw^rkM,  IKE 
u>iH)^i'aplier,  t<nited  Btgte»  Geologlcfil  Survey.  19(li5,  truit$ferre<l  to  Beeljitna^ 
lion  St*rvli'0. 

MfaisK.  iljvaoLn  MA.iifiTox,  enghn^cTin^  n(d.  Adihn^s,  Washlni^tini,  I).  C,  Htjrn 
In  Maji^Maehusetts,  May  2!).  ISHl.  Kdut'aUon,  Ihirtnmuth  College,  B.  8, :  TiiHy^r 
^*ellI:Kil  of  Civil  KnKin4H?rla^%  i^.  K.  Mrty  1  to  IRepteinber  1,  \iHK{,  aHHlntaut  enjfl- 
m*er  on  waterworks  sit  NtH*4lham,  rahnoiithi  and  Lexln>?toii,  Ma^^s,  Api»oltitt*d 
englneerhn*  aid  Jarmary  In  llM»ri. 

MoRi*ii,  iloWAati  Si^uTT.  asHtstant  eiit»lm^*r-  Addrews.  Dedhimu  M»^.  Uora  in 
MasMnehUi*ettSt  June  LM,  IJiSl.  Graduate  of  De^lham  (Hdi  H<hool  sua!  of  Mjimj*- 
flmsetts  laKtltnte  of  TtK-hnoloi^y,  H,  R.  claKS  of  UHXi.  nK>l-L\  irmtruaient  man* 
la  li5draulir  and  i^anitary  eri^'hieerhiif.  V.h\:\  transltmaUt  I'ennwylvaiua  Hnil 
Tumt  l^^^-A,  awmstant  in  elvil  engineering*  MasMarhu8ett«  hiHtitute  <if  Tf*eJi* 
noloL'v.  May.  1!hM,  Mp|KMrM«''i  ^Mi-rini  criTiif  a  hi,  and  Noveml»er  Hi,  llMM.  jiruataied 
to  assistant  engineer  in  Reclamation  Service. 

MuLFOBD,  John  C,  topographic  draftsman.  Address,  Washington,  D.  C 
Born  at  Winetha,  111.,  April  27,  1876.  Education,  common  and  high  schools  of 
Evanston,  III. ;  also  drawing  course  with  Scranton  Correspondence  School 
1904  to  1905,  topographic  draftsman.  Coast  and  Geodetic  Survey.  June  16, 
190r».  transferred  to  the  Reclauiiatlon  Service. 

Murphy,  Daniel  William,  irrigation  engineer.  Address,  Los  Angeles,  CaL 
Born  in  Ohio  January  18,  18r>5.  Student  Indiana  University,  three  years; 
jrraduated  Stanford  University,  1892,  degree  A.  B. ;  1893.  A.  M. ;  1896.  Ph.  D. 
1892,  student  in  astronomy  at  Lick  Observatory.  1893-94,  instructor  In  physics. 
Stanford  University.  1894-95,  engaged  in  physical  investigations  in  the  Physl- 
kalische  Technische  Relchsanstalt.  Berlin,  Germany.  189G-1900.  assistant 
professor  of  physics.  Stanford  University.  Since  1900  continuously  engaged  In 
general  engineering  practice.  1901-2,  in  charge  of  work  for  the  drainage  of 
alkali  lands  and  construction  engineer  for  the  American  Beet  Sugar  Conii>any. 

1903.  made  topographic  survey  of  the  property  of  the  Organita  GJold  Mining 
Company.  1903-^,  chief  engineer  In  charge  of  construction  of  the  Santa  Cms, 
Capitola  and  Watsonvllle  Railway.  1903,  made  location  and  estimates  on  the 
proposed  extension  of  the  Monterey  and  Paclflc  Grove  Railway.     Septemb^, 

1904,  employed  as  field  assistant  In  tlie  Reclamation  Service.  January  14,  1906» 
appointed  Irrigation  engineer. 

Parker,  Horatio  Newton,  assistant  hydrographer.  Born  in  MassacbnsettSi 
February  3,  1871.    Educated  In  private  and  public  schools  of  Cambridge, 
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and  at  the  MassachuRetts  Institute  of  TeelinolO!?y.  In  1896,  appointed  assistant 
biologist  Boston  waterworks.  After  the  city  waterworks  were  absorbed  by  the 
State  of  Massachusetts  he  was  appointe<l  biologist  and  became  head  of  the  lab- 
oratory. December,  1901,  appointeil  health  inspector  of  Montclair,  N.  J.,  which 
IK>st  he  left  November  9,  1904,  when  appointed  assistant  hydrographer.  United 
States  Geological  Survey. 

Patch.  Walter  W.,  engineer.  Address,  Belle  Fourche,  S.  Dak.  Bom  in  Mas- 
sachusetts, January  19,  1872.  Graduate  of  Massachusetts  Institute  of  Tech- 
nology, C.  E.  Prior  to  1894,  rodman.  Cambridge,  Mass. :  assistant  instructor 
in  surveying  at  Massachusetts  Institute  of  Technology;  firincipal  assistant  to 
city  engineer,  Rockland,  Me. ;  resident  engineer  on  sewer  construction,  Cam- 
den, Me.  1894,  assistant  to  resident  engineer.  Boston  waterworks.  1895, 
transitman,  Boston  waterworks.  1890-190.'^,  assistant  engineer,  metropolitan 
waterworks  of  Massachusetts — one  year  computing;  one  year  in  charge  field 
work  and  aqueduct  gagings  for  maintenanc*e  department;  two  years  principal 
office  assistant  in  Weston  aqueduct  department ;  four  years  in  immediate 
charge  of  work  on  reservoir,  dam,  and  filter-bed  construction.  11M>4,  assistant 
engineer  to  aqueduct  commissioners  of  New  York  City.  Autlior  of  articles 
printed  in  Engineering  News — "  Observations  on  the  use  of  iK)lar  planimeters," 
April,  1899;  **  Measurements  of  the  ttow  (»f  water  in  the  Sudbury  and  (\K'hituate 
aqueducts,"  June,  1902;  "The  Marll»orough  Brook  filter  beds."  April,  19a3;  "An 
example  of  the  fiattenlng  of  cast-iron  pii)es  under  eartli  pressure,"  December, 
1904.     February  10,  1905,  apix)inted  engineer  in  Reclamation  Service. 

Paul,  Cabboll,  engineering  aid.  Address,  2015  Kalorania  avenue.  Washing- 
ton, D.  C.  Bom  in  Toklo,  Japan,  May  5,  1882.  Education,  public  schools  of 
Washington,  D.  C. ;  Dartmouth  College,  degree  B.  S. ;  Thayer  School  of  Civil 
Engineering,  degree  C.  ¥1.  Sunnner  of  1900,  rodman.  United  States  Coast  and 
(Jeodetlc  Survey.  Summer  of  190.*{,  engagixl  as  lns|>ector  on  waterworks  con- 
struction. Littleton.  N.  11.,  and  with  General  Electric*  Company  i>ower  and  min- 
ing department.  Summer  of  11M>4,  field  assistant  In  Kei'lamation  Service.  Jan- 
nary  24,  1905,  appointed  enj?ineering  aid  in  Reclamation  Service. 

Paul,  Charles  Howard,  enjrineer.  Address,  (ilendive,  Mont.  Born  In  Rock- 
IM)rt,  Mass.  I<]<lucation,  high  s<*ho«)l  an<l  Massachusetts  Institute  of  Technology, 
C.  E.  course.  1895,  rodman.  Boston  sewer  department.  1S9.V9(;,  with  Massa- 
chusetts State  board  of  health  as  nxlman.  etc.  1S1M'»-11HH).  with  metrojK>litan 
water  l)oard,  Boston,  as  rodtnan.  instrument  man.  and  engin<»erinj:  lnspe<*tor. 
19(X)-1905,  with  bureau  of  filtration,  Philadelphia,  as  draftsman  and  assistant 
engineer.     March  7,  11K).'>,  appointed  engineer  in  the  Reclamation  Service. 

Pratt.  R.  Wintiirop,  assistant  engin<»er.  Address,  Columl)Us.  Ohio.  Born 
in  Massachusetts.  December  21,  187(».  Graduate  of  Agassiz  (irainmar  School 
and  English  High  S<ho()l,  Boston:  Massacluisetts  Institute  of  Technology, 
degree  S.  B.  In  189(>,  rfMlman.  city  enj;ln(H»r's  department,  Boston.  Mass.  189S, 
assistant  In  engineering  department,  .Massachusetts  State  board  of  health. 
1898-99.  with  Boston  aial  Albany  Railroad,  rodman  and  Instrument  man.  1899- 
1903,  assistant  engineer  In  engiiuM»ring  de[)artment,  Massacluisetts  State  board 
of  health.  1903-4,  engiiK-«»r  to  the  Ohio  State  board  of  healtli  ami  at  the  same 
time  in  charge  of  stream  measurements  in  Oiiio  for  Unite<l  States  Geological 
Survey.     March  28,  19(U.  api>ointc<l  assistant  engineer,  RiM'lainatlon  Service. 

Pbenderoast,  Frederic  F..  assistant  enjrimH»r.  Address,  (Jreat  Falls,  Mont. 
Born  in  Nebraska,  July  1.  1878.  High  scIum)!  jjraduate.  and  attended  College  of 
Civil  Engineering,  University  of  California.  In  1897-1899,  chalmnan  ami  ro<l- 
man  on  canal  and  railroad  work  in  soutliern  California.  1901,  transitman  on 
construction  of  wooden-stave  pipe  line.     UK»2-3.  transitman  on  railroad  location. 
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1003,  engineer  In  charge  of  conetractton  of  d'eep-water  wharf  and  tresUe^  ta 
Francisco  Bay ;  also  in  charge  of  stenm-abovel  woric  on  railroad  oonstmcttoa. 

1004,  fleld  amistant  with  United  States  Reclamation  Serrloe  on  Milk  Blnr 
proJei*t,  Montana.  November  25,  1004,  appointed  asalatant  engineer  Bcdaai- 
tion  Service. 

Prince.  John  R.,  topographic  draftsman.  Address,  Loa  Angelea*  CaL  Bdo- 
catloii.  public  schools  and  Malvern  College,  England.  188S-1880»  draftniaB. 
ordnance  survey  of  Great  Britain:  also,jianie  year,  whh  Jnllna  Bien  it  Oou 
New  York.  1800-1001,  general  engineering  assistant  and  draftaman,  with  C  C 
Vermeule,  New  York,  and  draftsman  to  Geological  Survey  of  New  Jeraey.  1901, 
topographic  draftsman,  with  United  States  Board  of  Bnglneera,  War  DeiMft- 
ment,  New  York  City.  1002-3,  draftsman  and  chief  draftsman,  city  engineer 
department  Los  Angeles,  Cal.  1003-1005,  draftsman.  United  States  QeolaclMl 
Survey.  January  21,  1005,  appointed  topographic  drafhunan  In  BedamatloB 
Service. 

Ptle,  Fbed  D..  engineering  aid.  Address,  Mitchell,  Nebr.  Bom  In  Fennijl- 
vanla  October  8,  1882.  Education,  Utah  Agricultural  College,  lOOa.  &  &  la 
C.  E.  1003,  rodman  and  levelman,  United  States  Geological  Survey  In  Utah. 
1004.  private  engineering  and  assistant  to  engineer  at  Utah  Experlmmt  Statioa. 
1004.  fleld  assistant.  United  States  Geological  Survey,  Utah.  1006,  private  easl- 
neering  work  in  western  Wyoming.  May  1,  1005,  ai^minted  engineering  aid  la 
Reclamation  Service. 

Reabubn,  De  Witt  Lee,  topographer.  Address,  Klamath  Falla,  Oreg.  Boca 
West  Virginia,  1871.  FSducation,  University  of  Illinois  and  Unlveralty  of  Wis- 
consin. Associate  member  American  Society  of  Civil  Englneerai  1801-18B8i 
on  land,  town-subdivision,  and  railroad  surveys  in  Virginia ;  also  with  Amerlcu 
Brld^  Company,  Roanoke.  Va.,  on  bridge  erection.  1803-1807,  with  Mlaalasliipi 
River  ConmiisKion  engaged  in  topographic,  hydraulic,  and  triangnlatlon  work. 
1807-lJK>r),  topographer  with  United  States  Geological  Survey.  April  1.  1906. 
transfiMTtMl  to  Keelanintlon  Service  and  assigiuHl  to  tlie  Klamath  project 

UiiKAU,  .TosiAH  Lewis,  assistant  en>rinet*r.  l^)rn  in  Utah,  May  8,  18G8.  Edn- 
cation,  Ajrriciiltural  College  of  I'tali.  H.  S.  in  civil  engineering.  From  June  to 
I)«»<'enilK*r,  18IM>.  assistant  in  stn»ani  measurements  and  calculations  of  canals  and 
rivers  of  Cache  Valley.  Utah.  From  181XJ  to  IIKX)  acted  as  assistant  engineer 
and  enKincH»r  on  Bear  River  canal.  Utah,  for  Bear  River  Irrigation  and  Ogdeo 
Water  Works  (^)uipany.  ()gcl(»n  and  Corrine.  Utah.  July-October,  1000,  assistant 
engin«HT  on  West  (lallatin  Irrigation  Company's  canal,  in  Gallatin  Valley,  Mon- 
tana. llK)l-2,  suiM^rintendent  and  enginet»r  of  the  Big  ditch  in  Yellowstone 
County,  Mont.  1IK)2-:^,  with  ITnited  States  Cc»ologi(»al  Survey  in  triangulation 
and  leveling  in  Montana.  May  1,  llMKi,  api)ointed  assistant  engineer  in  the 
Reclamation  Servici*. 

Richardson,  (Ux)RfjE  Bi^rr.  assistant  geologist.  Address.  Washington,  D.  C. 
Born  in  New  York.  August  21.  1S72.  (iraduate  of  Harvard  University,  S.  R, 
lHOr».  .T(»lms  Hopkins  University,  Pli.  IX,  10<n.  In  18!N],  geologic  field  assistant 
Uniteil  States  (leologicnl  Survey.  Richmond  basin.  Virginia;  1807,  same,  in 
Indian  Territory,  isas,  surveyor  and  geologist.  Casslar  Central  Railway  Com- 
pany, British  Columbia.  180J),  gwlogic  fleld  assistant.  ITnited  States  Geological 
Survey,  Black  Hills,  South  Dakota.  Since  IIKK).  assistant  geologist.  United 
States  CcH)Iogical  Sur^'ey,  working  in  Alaska,  Pennsylvania,  California,  Utah, 
and  Texas. 

RoitKRTs.  John  Milton,  assistant  enginwr.  Ad<lress,  Montrose,  Colo.  Born, 
Lincoln,  Nel»r.,  Octol>er  ."i,  187.'^.  Education,  connnon  school  and  three  years  in 
Cniversity  of  Nebraska.     1888,  assistant  to  engineering  architect     18OO-1000, 
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istracted  Roberts  dltcb,  near  Paonia,  Colo.  1901,  repaired  breaks  In  canal 
•  Overland  DIteb  Company.  IIK):^  in  charge  of  field  party.  United  Staten 
ologieal  Survey,  at  Montrose.  Colo.  19(>4,  under  W.  M.  Keed  in  New  Mexico. 
H-5,  surveys  of  reservoir  sites  in  ('olonido  under  A.  L.  Fellows.  1905,  in 
urge  of  constructiou  of  Montrose,  Colo.,  waterworks. 

EloTUi.  Paui..  engineering  aid.  Address.  Mitchell,  Nebr.  Born,  Moland, 
nn.,  December  14,  1877.  Education,  high  school  and  University  of  Minnesota, 
E.  Summers  of  1900,  1901.  1902,  and  190.%  railroad  surveys;  1901-5,  struc- 
•al  draftsman.  Appointed  in  Reclamation  Service  May  4,  11K)5. 
[lussELL.  Walter  S.,  engineer.  Address,  Fallon,  Nev.  Born  in  Wisconsin, 
tol>er  27.  18G3.  Education,  high  school  and  private  study.  1887-1889,  rod- 
in.  levelman,  and  transitman.  on  railnmd  work.  1890.  levdnian  and  transit- 
in.  Pamo  Water  Company,  San  Diego,  Cal.  1891,  chief  of  party  for  irrigation 
itrict,  San  Diego.  Cal.,  also  chief  of  party  for  Bear  Valley  Irrigation  Company. 
)2,  locating  engineer  for  Mount  Tecarte  Water  Company,  San  Diego  County. 
«,  office  practice,  San  Diego.  Cal.  1894-1898,  engineer,  Southern  California 
»untain  Water  Company.  1S99,  surveyetl  and  reportinl  on  water  iKJwer  for 
draulic  mining  claims  in  Utah  and  Arizona.  IIMM),  oftice  i)ractlce,  S{K)kane. 
ish.  1901-2,  with  California  Construction  Company,  sui>erintendent  of  con- 
uctlon  of  tunnel  for  Power  lK»velopment  Company  at  Bakersfield,  Cal.  liK)2-3, 
th  Atlantic,  Gulf  and  Pacific  Comi)any,  superintendent  of  constniction  of  dry 
?k  for  the  United  States  at  Mare  Island,  Cal.  lOa*?.  englneiM-  for  E.  B.  &  A.  L. 
jne  Company,  general  contractors.  March  19.  1904,  apiwlnted  engineer  In 
i'lamatlon  Service. 

Sanj-ord,  George  Otis,  assistant  engineer.  Address,  Westboro,  Mass.  Born  In 
ockton,  Mass.  Eklucatlon.  civil  engineering  course  at  Won^ester  Polytechnic 
stltute,  class  of  189.5.  In  summer  of  1892  In  city  engineer's  ottlce,  sewer 
[)artment.  Brockton,  Mass.  From  August,  189.^),  to  March,  1905,  with  nictro- 
lltan  water  and  sewerage  board  at  Clinton,  Mass. ;  as  ixxlman  and  Instrument 
m  on  trlangulatlon,  toi)ographlc  .surveying,  land  surveying,  construction  of 
id.s.  railroads,  and  reservoirs.  Assistant  engineer  on  tlic  construction  of  the 
rd  division  of  the  Weston  aqueduct  and  the  south  dike  of  the  Wachusett 
«ervolr.  March  1,  ltK)5,  apiwinted  assistant  engineer  in  the  Reclamation 
rvice. 

Sargent,  Ralph  S.,  engineering  aid.  Address,  Berkeley.  Cal.  Born  in  Mlchi- 
n,  November  2.5.  1880.  T'nlversity  of  California,  civil  engineering  course. 
>.3.  rodman  and  transitman  on  toi>ography.  Summer  of  1904.  rmlman  and 
elman  on  a  stadia  survey  on  the  Kaweah  River.  Winter  of  1904,  mine  sur- 
ving  In  Amador  County,  Cal.  April  27,  19f)4.  apiH)int<Ml  engineering  aid  in  the 
<*lamation  Service,  and  assigned  to  duty  on  the  Boise- Payette  proje<'t.  Idaho. 
Seidemann,  Henry  P.,  si>ecial  dislnirsing  agent.  Address,  Belle  Fourche, 
Dak.  Born  In  Texas,  April  4.  188:{:  education,  public  scliools  and  business 
lege.  18J)9-1902,  office  assistant  in  j)ay  department  of  tiie  army  at  San 
an,  P.  R.  1902-1905.  messenger,  derk,  and  i)ookkeeper  in  (Tnited  Slates 
ologieal  Survey.  May  10,  1905,  promoted  to  special  disbursing  agent  in  the 
clamation  Service. 

Sheley,  Horace  W.,  engineering  aid.  Address,  Salt  Uake  City.  Utah.  Born 
Missouri,  April  29,  1880.  Educated  in  public  schools  of  Texas  and  Misstmrl. 
tended  Westminster  College,  Missouri,  1894-1897,  and  University  of  Utah 
)7-1901.  1901,  studied  and  assistwl  mining  engineers  and  experts  in  Tintlc 
nlng  district  1901-2,  with  Rio  Grande  Western  Railway.  January  to  .Tune, 
)3,  student.  190;i-4.  fiel<l  draftsman,  computer,  and  topographer  in  Reclama- 
n  Service.    December  2^},  1904,  apix)inte<l  enguKHMing  aid. 
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SiiiNBUR,  Elver  L.,  a»8i»tant  engineer.  Address,  Wyncote,  Wyo.  Born,  Oak- 
land. Nehr.,  April  3,  1879.  Education.  ITniversitj-  of  Nebraska,  B.  S.  In  C.  E. 
1900,  rcMlnian  and  cliainnian  on  railroad  in  Colorado  and  Montana.  19D1,  instro- 
ment  man  and  insi)o<»tor  on  viaduct  construction,  Nebraska.  1901-2,  with 
Uniteil  States  military  government  in  Cuba  as  toiK)grapher.  1002-3,  assist- 
ant engineer  in  cbarge  of  lo<*ation  and  construction.  Insular  Railway  CVhd- 
pany.  Ilabana.  lOCKMl,  resident  engineer  on  construction  of  railroad,  ilexica 
]0(^r>,  in  cbarge  of  field  parties  on  irrigation  investigations  In  (^olorado  and 
New  Mexico.  March  7.  1005,  api>ointed  in  Reclamation  Service.  Now  resident 
engineer  in  charge  of  division  2,  interstate  canal.  North  Platte  proj€K.*t. 

SniPMAN.  CiiARLKY  E..  engineering  aid.  Address,  Great  Falls,  Mont.  Bom  at 
West  Liberty,  Iowa,  November  1(»,  1882.  Graduated  from  West  Liberty  High 
School  and  from  Iowa  State  College,  civil  engineering  department.  Paviug 
inspe<*tor.  Cedar  Falls.  Iowa,  sunnner  of  IfKKS.  Draftsman  with  Amerii-ao 
Bridge  Company.  Ambridge,  Pa.,  for  six  months.  March  7,  1005,  appointed  engi- 
neering aid  in  the  Uwlamation  Service. 

SiKiJENTiiAL.  Clatde  ELLSWORTH,  asslstant  geologist.  Address,  Bloomington. 
Ind.  Born  in  Indiana,  April  KJ,  18<tO.  Stanford  ITniver8it.v,  A.  B.  In  18911 
and  A.  M.  in  180:i.  Fellow  in  geologj'.  University  of  (Chicago,  1897-1899.  1900- 
lfN)1.  Instructor  of  ph.vsiograpliy.  high  school,  Indianapolis,  Ind.,  1899-1900. 
1880-lS0.'i.  assistant  and  assistant  geologist,  (ieological  Survey  of  Arkansas 
180r>-l8J»8,  assistant  gcM)l(>gist.  (ieological  Survey  of  Indiana.  In  1901  appointed 
assistant  geologist,  Unitcil  States  (fet>logical  Survey.  Now  on  work  in  western 
section,  division  of  liydrology. 

Simpson,  Paul  Dyer,  enginet^ring  aid.  Address,  Chamber  of  Commerce* 
Bulding,  Denver,  Colo.  Born  in  Nebraska,  March  10,  187G.  B.  S.  in  civil 
engiiHH^ring,  University  of  Maine.  Eight  years  in  general  engineering  wort, 
inclucliiig  land  surveying,  highway  location  and  i*onstruction,  waten^-orks, 
scwcr.  and  masonry  construction,  <*ity.  tunnel,  and  railroad  work,  and  hydn>- 
t;r:i|>liic  and  topographic  surveying  and  drafting.  With  CnitiHl  States  Army 
(luring  Spaiiisli-Anicrican  war.  'I'utor  in  civii  engineering.  University  of 
Maine.  SeptenilxM'  '2\).  IIMM,  apiM»lnted  engine(M'ing  aid  in  Rt»chnnation  Servi«^. 
and  assigned  to  duty  in  western  Nel)raska.  Wyoming,  and  Colorado. 

Si.oAN,  .Jamks  IIauvky.  engineering  aid.  Addn^ss.  Browning,  Mont.  Bom. 
P»o/.enian.  Mont..  April  10,  issi.  Kdncation,  Hozenian  High  SchiKd  :  Montaim 
Agricultural  College,  V.HMl,  U.  C.  }].  Snnnuer  of  1!MM,  field  assistant  to  L.  K. 
(JranUe  on  Milk  IJiver  proj(H't.     App<»inted  in  K«M'laniation  Service*  April  28,  UHC». 

S\irrn.  Ciikstkk  Wasox,  constructing  engineer.  Address.  Roosevelt.  Ariz. 
P.orii  in  New  Ilani|»sliire,  February  LM.  iSCd.  April,  IKSS.  to  .Tune.  ISirj,  witli 
A^pinwall  &  Lincoln.  IJoston.  Mass.,  in  niiseellaneous  private  practi«*e.  .Tune, 
isirj,  to  August,  \su:\,  assistant  to  city  engineer,  MarllM)ro,  Mas.s.,  on  sewer  and 
waterworks  eonstru<-tion.  August.  1S{»;>.  to  August,  iSlCi,  with  Massachusetts 
State  board  of  liealtli  on  preliminary  surveys  and  estimates  for  an  additional 
water  supply  for  the  melrojM)litan  disti'ict.  August,  ISIK'),  to  I>ecetul>er.  1JK^4. 
assistant  engineer  and  divisiou  engiiH»er  for  metroi)oiitan  water  lx>ard  an«l 
meti'opdlitan  water  and  sewerage  hoanl  »»n  const I'uct ion  of  works  for  additional 
water  supply.  llMM  to  December,  IIHM,  division  engineer  in  charge  of  ct>nstrue- 
ti<ai  of  Wa<'lnisett  dam;  <luring  lfH)4  also  chief  inspector  on  same.  Dei-endvr 
H;.  11)04.  app<»inted  construction  engineer  in  lU^clamation  Service. 

SocKK,  Halcii  C..  engin<»ering  aid.  Address,  Wasliington,  D.  C.  BoriL  South 
Royalton,  Vt..  February  :J,  ISSl.  Education,  Dartmontii  College,  1«X)2.  A.  B.: 
'I'iiayer   School  of  Civil   Engineering.    11K>4.  C.   E.     1JKK3,   assistant  on   railroad 
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survey.     1904-5,  with  Iflinoi8  Steel  C^oiiiimiiy.     Apiminted  in  Reclamation  Serv- 
'^    Ice  May  1,  1006. 

Spalding,  Walter  J.,  ens^ineering  aid.  Address,  Salt  Lake  City,  Utah. 
Graduate  of  Missouri  University,  degree  of  B.  S.  in  C.  E.     Sunnner  of  1908, 

*  leveiman  and  transitman  on  i)roiK)sed  St.  Ix)uls  and  St.  Paul  Railroad.     1004, 

*  student  asaistant  in  surveying,  having  charge  of  parties  in  the  field  and  examin- 
ing and  grading  {miners.  August  24,  1004,  api>ointod  engineering  aid  in  RecUi- 
xnation  Service.     Junior -member  American  Society  Civil  Engineers. 

Steebe,  Anthony  Enoch,  engineering  aid.  Address,  Minidoka,  Idaho. 
Born,  Scrantou,  Iowa,  January  22,  1882.  Rhotle  Island  College,  R.  S..  mt^chan- 
ical  engineering,  1900.  1901-2,  student  civil  engineering,  Rliode  Island  Col- 
lege. 1902-1904,  with  metropolitan  water  and  sewerage  board,  Boston,  Mass. 
Appointed  in  Reclamation  Service.  June,  1004. 

Stu-es,  Albebt  Irvine,  engineering  aid.  Address,  Washington,  D.  C.  Born 
in  Pennsylvania,  October  1,  188Ji.  Mucatlon,  Washington,  I).  C.,  high  scliools; 
civil-engineering  course  at  Stanford  University.  1JK)0-1902.  chainman.  com- 
puter, and  draftsman.  General  Land  Offlc<\  100:V4,  aid.  Coast  and  Geodetic 
Survey,  on  surveys  in  Alaska.  Ajiril  2;"*,  1904,  api)ointed  engineering  aid. 
Reclamation  Service.     Leveiman  and  transitman.  I'tah  Lake  projei't. 

Stone,  Charles  Henry  Howard,  assistant  analyst.  Born  in  Massiichusetts, 
September  11,  187r).  Educated  in  Newton  public  schools.  EiitcriHl  Massachu- 
setts Institute  of  Technology  in  1802;  graduatcnl  in  18JM»,  chemical  course, 
degree  B.  S.  1897,  in  charge  of  chemical  lal)oratori(»s  at  Rhode  Island  State 
College  of  Agriculture  and  Mec'hanIc  Arts.  1HJ)7-11KK),  chemist  with  Massachu- 
setts State  board  of  health.  1900-1905,  assistant  State  gas  lnsi)ector  of  Massa- 
chusetts.    January  16,  1905,  api)ointed  assistant  analyst  in  R(H*lamation  Service. 

Stroebe,  George  G.,  engineering  aid.  Address,  Mandan,  N.  Dak.  Born  Ferrys- 
bnrg,  Mich.,  October  11,  1877.  FMucation,  Chicago  University,  I'niverslty  of 
Wisconsin,  C.  K.  Instructor  descriptive  gwmetry  and  drawing.  University  of 
Wisconsin,  1904-5.     May  2,  IJKK^  apiK>lnted  In  Rwlamation  Service. 

Stubblefield,  Garfield,  engineering  aid.  Addres.«i  Exeter,  Mo.  Born  In 
Missouri,  July  18,  1S78.  (Jraduate  of  Univcixity  of  Arkansas,  and  attended 
Cornell  University  civil-engine<»ring  course.  Suniniers  of  IIXJO.  1901.  and  1902, 
leveiman,  toi>ographer,  and  draftsman.  llMrj-:?,  instructor  in  civil  engineering 
at  University  of  Arkansas.  V,H):\,  leveiman,  Unittnl  States  (;(H)loglcal  Survey. 
September  1.  1904.  appointeil  engineiTing  aid  in  Rc<laniation  Servic«. 

Swendsen,  Warrex  (i.,  engim^ering  aid.  Address,  Box  S,  Salt  Lake  City, 
ITtah.  Born  in  Utah.  July  2t).  l.S8<).  H.  S.  in  civil  (Miginecring,  Agricultural 
College  of  Utah,  V.HH.  Sunnner  of  11K)1,  employed  at  Utah  experiment  sta- 
tion. Sunmier  of  1!K)2.  transitman  nnd  Icvolnmn  on  survey  of  Cub  River  reser- 
voir site  and  proiM)S(Hl  a<iue4luct,  and  later  in  nn'onnaissance  party.  United 
States  Geological  Survey.  Sunnner  of  VMK\,  assistant  to  resident  engineer, 
Cflennsferry  Land  and  Irrigation  Company.  IImm,  with  Uerlamation  Service, 
gaging  streams  and  on  reconnais.sance  work  as  transitman  and  leveiman. 
Decemlwr  19,  1904.  aprwinted  engineering  jiid. 

Tabor,  Ernest  F..  engineer.  Address.  U.  S.  (ieol.  Survey,  Cody.  Wyo.  Born 
February  26,  186<).  (iraduate  of  grammar  scIkm)!  :  attendetl  high  scIkwI  and 
University  of  California.  1887-1889,  computer  and  assistant.  Sjin  Diego  Flume 
Company.  1890,  preliminary  surveys  for  irrigation  works  for  the  Escondido 
irrigation  district,  and  1894-05.  in  charge  construction  of  same.  1891,  on 
resurvey  of  subdivision  of  Randio  Rincon  del  Diablo.  1892-9;5.  assistant 
engineer,   Bear   Valley   Irrigation   Company.     1895-90,   location   and   construe- 
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The  following  is  a  partial  list  of  papers  relating  to  irrigation  and 
irrigation  engineering  heretofore  prepared  by  engineers  and  other 
employees  of  the  Beclamation  Service  and  published  either  in  book 
form  or  in  technical  periodicals.  Only  the  most  important  of  those 
relating  to  irrigation  or  irrigation  engineering  are  included,  and 
many  minor  papers  have  been  omitted. 

Dabb,  Cybus  C,  engineer. 

Hydrograhpy  of  the  Potomac  Basin :  Trans.  Am.  Soc.  Civil  Eng.,  toI.  27, 

1802,  pp.  21^33. 
Discussion  on  Blaclc  Eagle  Falls  Dam,  ^ontana :  Trans.  Am.  Soc  Civil  En^i. 

vol.  27,  1802,  p.  07. 
Rainfall  and  River  Flow :  Trans.  Am.  Soc.  Civil  Bng.,  voL  28,  1803,  pp.  323- 

337. 
Surveys  and  Examinations  of  Uinta  Indian  Reservation:  House  Doc  Nd 

<m.  57th  Cong.,  Ist  sess.,  1902. 
Bennett,  S.  (».,  engineer  (with  J.  B.  Lippincott). 

Relation  of  Rainfall  to  Run-off  In  California :  Eng.  News,  voL  47,  Nc  23, 

p.  487. 
BiEN,  MoBRis,  sufiervising  engineer. 

Right  of  Way  on  Public  I^nds  for  Irrigation  Power  and  Railpoad  Pur- 

lioses:  Circulars  General  Land  Oflice,  1804-1901. 
(irrnnts  of  Ri<;lits  of  Way  over  Public  Lands':  Ann.  Repts.  General  I^nd 

Offirc.  181):i-l!M)L». 
Ui^bt  of  Way  iiiK)n  the  Public  Lands:  Proc.  Third  Irr.  Cong..  Denver.  1894. 
Relation   of   Fwlcral   and   State   Laws   to   Irrigation:   Proc.   Eleventh  Irr. 

Cong.,  Ogdcn,  1003.  and  Water-Sup.  and  Irr.  Paper  No.  93,  U.  S.  Geol.  Sur- 

v<\v.  11K>4. 
Draft  of  a  State  Irrij^ation  Code.  IJMM. 
Discussion  of  a  Draft  of  an  Irrigation  Code:  Pi*oc.  Twelfth  Irr.  Cong.,  El 

Paso.  IIKM. 
Cham>i,^:r,  Ai.bkht  K.,  eni?in(»er. 

Water  Storage  on  Cache  Creek.  California:    Water-Sup.  and  Irr.  Pa|)er  Na 

4r»,  r.  S.  (;(»ol.  survey,  1!^)1. 
Duty  of  Water  in  Tuie  Uiver  Basin.  Californbi:  Reiwrt  of  Irr.  Investipi- 

tions  for  1(K)1,  Office  of  Exi>erinient  Stations,  Bull.  No.  119.  Washington. 

1002. 
Irrigation  Development  in  Nevada:  I*roc.  Nevada  Acad.  Sci..  vol.  1,  No.  1. 

Reno.  Nev.,  1004. 
CHAxr)LER.  E.  F.,  assistant  engineer. 

Irrigation  in  North  Dakota:  Bull.  Univ.*  North  Dakota.  October,  1904. 
Methods  of  Stream  Measurement:    Third  Bien.  Rept.  North  Dakota  State 

Geol.  Survey. 
River  Systems  of  North  Dakota:    First  Bieu.  Rept  North  Dakota  State 

Kngim^r. 
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>O£BFLiN0,  RiCHABD  G.,  Irrigation  engineer. 

Ueber  Wasserbau  Im  allgemeinen  und  Stauanlagen  Im  besonderen:  Tech- 
nologist, vol.  6,  No.  3,  1900. 
^RANE.  Brent  Skinner,  engineering  aid. 

Collection  of  Data  from  Vertical  Velocities  Obsen^ations  in  Southeastern 

Rivers :    Water-Sup.  and  Irr.  Paper  No.  95,  U.  S.  Geol.  Survey,  1904.,  pp. 

139-150. 
Rci>ort  on  the  Destructive  Flood  of  June  0,  1903,  near  Spartanburg.  S.  C. : 

Water-Sup.  and  Irr.  Paper  No.  96,  U.  S.  Geol.  Survey,  1904.  pp.  13-19. 
>uryee,  Edward,  cement  expert. 

Comparison  of  Standard  Specifications  for  Testing  Portland  Cement:  Kng. 

News,  1900. 
Cement :    Water-Sup.  and  Irr.  Paper  No.  33.  U.  S.  Geol.  Survey,  1900,  pp.82-J)(). 
Refractory  Linings  for  Portland  Cement  Kilns:   Eng.  Record,  1900. 
The  First  Manufacture  of  Portland  Cement  by  Direct  Process  in  Rotary 

Kilns:   Eng.  News. 
'ellows,  a.  L.,  engineer. 

Water  Resources  of  the  State  of  Colorado :    Water-Sup.  and  Irr.  Pai)er  No. 

74,  U.  S.  Geol.  Survey.  1902. 
Measurement  of  Water:    Irr.  Bull.  No.  1,  Office  State  Engineer  of  Colorado. 
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Sir:  I  transmit  herewith  a  manuscript,  prepared  by  E.  C.  Murphy, 
entitled  "  Destructive  Floods  in  the   United   States  in   1904,''  and 
request  that  it  be  published  as  a  water-supply  paper. 

The  value  of  property  along  the  streams  of  this  country  is  rapidly 
increasing  and  data  on  the  flood  flow  of  streams  and  means  of  pre- 
venting overflow  are  of  increasing  interest  and  value. 
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Very  respectfully, 

F.  H.  Newell. 
Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Directav  United  Staten  Geological  Survey. 
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DESTRUCTIVE  FLOODS  IN  THE  UNITED  STATES 

IN  1904. 


By  E.  C.  MiTRPHY  and  others. 


INTBODUCnON. 

Destnictive  floods  occurred  on  several  streams  of  the  United 
States  during  the  year  1904,  mainly  on  the  smaller  streams  in  the 
western  part  of  the  country.  The  loss  of  property  caused  by  these 
floods,  while  large  in  the  aggregate,  is  small  compared  with  flood 
losses  of  some  previous  years. 

The  first  in  chronologic  order  in  the  list  of  destructive  floods  of 
1904  is  that  on  Sacramento  River  in  California,  which  occurred  in 
February  and  which  was  the  most  destructive  in  the  records  of  that 
stream.  In  March  occurred  the  flood  on  Susquehanna  River,  due 
mainly  to  ice  gorges;  the  flood  of  Mohawk  River  in  New  York 
and  that  of  Grand  River  in  Michigan,  due  mainly  to  the  rapid  melt- 
ing of  snow ;  and  the  flood  on  Wabash  River,  due  mainly  to  rainfall. 
In  May  very  heavy  rains  in  northern  Colorado  and  southern  Wyo- 
ming caused  a  flood  on  Cache  la  Poudre  River  and  Crow  Creek,  which 
resulted  in  the  loss  of  considerable  property  along  them.  In  the 
early  part  of  June  the  Belle  Fourche  and  other  streams  on  the  north- 
ern slope  of  the  Black  Hills  were  in  destructive  flood.  In  the  latter 
part  of  June  and  the  early  part  of  July  continued  heavy  rain  caused 
the  rivers  in  southeastern  Kansas  to  \w  higher  than  ever  known  l)efore 
and  to  cause  much  damage.  Several  cloud-bui*sts  occurred  in  this 
month,  causing  l(x*al  floods  in  western  Pennsylvania  and  western 
Arizona.  The  Johnstown,  Pa.,  and  the  Troxton  Canyon,  Arizona, 
floods  are  examples  of  thest*.  Very  heavy  precipitation  during  the 
latter  part  of  SeptemlxM*  and  the  early  part  of  October  in  southern 
Colorado,  New  Mexico,  and  Texas  caused  floods  of  unprecedented 
magnitude  on  Purgatory,  Canadian,  Pecos,  and  other  streams  of  that 
region. 

After  these  floods  in  the  western  part,  of  the  country  there  was  a 
severe  drought  in  the  eastern  part.  This  was  felt  most  keenly  in  the 
upper  part  of  the  Ohio  drainag(»  basin  and  to  a  lesser  extent  in  the 
Southern  and  New  England  States.  This  drought  is  briefly  de- 
scribed in  this  paper. 
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The  United  States  Geological  Survey  has  carried  on  a  study  of 
the  water  resources  of  the  country  for  the  past  seventeen  years,  ami 
then*  is  now  available  for  the  use  of  engineeis  and  others  interested 
a  large  mass  of  data  bearing  on  the  seasonal  flow  of  the  principal 
streams  of  the  country.  In  this  paper  that  part  of  these  data  which 
bears  on  the  maximum  rate  of  run-off  of  streams  is  brought  together 
and  a  method  is  given  for  the  determination  of  the  waterway  area  of 
streams. 

The  writer  acknowledges  his  indebtedness  for  data  used  in  the 
])reparation  of  this  paper  to  Mr.  F.  H.  New^ell,  chief  engineer  of  the 
Reclamation  Service  and  hydrographer  in  charge  of  stream-gaging 
work;  Messrs.  J.  B.  Lippincott,  B.  M.  Hall,  A.  L.  Fellows,  M.  C. 
Ilinderlider,  W.  M.  Reed,  G.  H.  Matthes,  and  R.  E.  Horton,  in 
charge  of  the  districts  in  which  the  floods  described  in  this  papr 
have  occurred ;  and  especially  to  S.  (x.  Bennett,  Raymond  F.  Walter, 
F.  W.  Hanna,  J.  C.  Hoyt,  James  A.  Armstrong,  A.  J.  Parshall,  R.  I. 
Meeker,  George  B.  Monk,  W.  G.  Russell,  Frank  S.  Dobson,  and 
T.  Tobish. 

SACRAMENTO  RIVER  FliOOD,  CAIiIFORNIA.« 

From  February  15  to  the  end  of  March,  1904,  occurred  the  most 
destructive  flood,  as  far  as  property  was  concerned,  in  the  reconlwl 
history  of  Sacramento.  The  greatest  known  flood  occurred  forty- 
odd  years  Ix^foro,  in  January,  18()t>,  and  was  due  to  rainfall,  the  piv- 
cipitatiou  in  Deceuihor,  18(>1,  and  January,  1S(>'2,  just  prior  to  it 
having  been  '2^\A\:i  inches.  This  flood  filled  the  entire  flood  plain, 
and  was  not  limited,  as  was  the  later  one,  i)v  the  reclamation  of  lar<n' 
tracts  of  bottom  land,  nor  was  the  channel  Ix^low  the  mouth  of 
Feather  River  then  HI  led  with  mining  debris  as  it  is  now. 

STRKAMS    AND    I)RAINA(;K   HASIN. 

Sacramento  River  rises  in  the  northern  part  of  California,  flows  in 
n  <reiieral  southeiOy  direction  for  about  *i()()  miles  and  empties  into 
Siiisnn  Bay.  Its  chief  tributaries  are  Pitt,  McCloud,  Feather,  ami 
American  rivers,  entering  fi'om  the  east,  and  Cache,  Putah,  and 
Stony  ci'eeks,  entering  fi'om  the  west.  These  sti'eams  and  the  - 
location  of  the  gaging  and  precipitation  stations  in  this  basin  aiv 
shown  in  PI.  I.  '  . 

Between  the  Sierra  Nevadti  and  the  Coast  Range  of  mountains 
lies  what  is  called  the  Great  Valley  of  California,  having  a  length 
of  about  400  miles  and  a  width  varying  from  a  few  miles  to  80  miles, 
the  average  width  being  40  miles.  It  has  a  gentle  s1o}k».  Inking  prac- 
tically an  unbroken  ))lain,  with  an  area  of  about  15,700  square  miles. 


Prepurecl  from  v^vovi  of  S.  ci.  IU*nriott,  on^int^r. 
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The  northern  portion  of  this  valley  is  drained  by  the  Sacramento; 
the  southern  part  by  the  San  Joaquin  River. 

What  is  commonly  known  as  Sacramento  Valley  exti^nds  only  as 
far  north  as  Iron  Canyon,  4  milei^  Ix^yond  Red  Bluff.  The  part  of 
the  drainage  basin  above  this  canyon  is  very  different  in  topography 
from  that  below  it,  Ix^ing  mainly  hilly  and  mountainous,  with  std^]) 
slopes  and  rapid  run-off,  while  the  valley  below  this  canyon  has  a 
remarkably  uniform  slope.  At  Red  Bluff  the  elevation  is  about  300 
feet  above  sea  level,  near  Colusa  it  is  50  feet  above  sea  level,  and  at 
Sacramento  it  is  11  feet — that  is,  from  Red  Bluff  to  Colusa  there  is  a 
fall  of  250  feet  in  (55  miles,  and  from  Colusa  to  Sacramento  there  is  a 
fall  of  39  feet  in  50  miles.  The  area  of  Sacramento  Valley  is  about 
4,250  s(juare  miles,  2,510  square  miles  being  high  plains  or  hilly  land, 
not  subject  to  overflow,  450  squai*e  miles  subject  to  occasional  over- 
flow, 1,254  square  miles  naturally  subject  to  overflow,  and  38  square 
miles  constituting  the  surfaces  of  perennial  streams. 

Sacramento  Valley  lx»low  the  mouth  of  Stony  Creek  is  a  typical 
flood  plain,  the  river  banks  IxMng  from  5  to  20  feet  higher  than  the 
land  on  either  side  of  the  channel.  The  lowlands  on  each  side  subject 
to  overflow  are  known  as  flood  basins.  They  are  connected  with  the 
river  by  old  river  chaimels,  known  as  sloughs,  through  which  the  water 
enters  the  basins  at  ordinary  and  high  stages.  During  flood  stages 
the  river  overflows  both  banks,  as  the  channel  capacity  in  some  places 
is  only  alwut  one-third  that  of  the  flood  plain  of  the  river. 

Butte  basin  lies  (m  the  east  side  of  Sacramento  River  and  north- 
west of  the  Sutter  Buttes.  At  flood  stages  the  water  in  this  basin 
covers  an  area  of  from  30  to  150  square  miles,  and  has  a  volume  of 
from  115,000  to  4()0,000  acre-feet.  It  receives  water  from  the  river, 
from  cr(»eks,  and  during  great  floods  from  Feather  River,  and  dis- 
charges into  Sutter  basin. 

Sutter  basin  lies  soiitli  of  the  Sutter  Buttes,  between  Sacramento 
and  Feather  rivers.  In  time  of  flood  the  water  surface  has  an  area 
of  138  square  miles,  and  the  basin  has  a  maxinnnu  capacity  of  895,000 
acre-feet.  This  basin  discharges  into  Sacramento  and  Feather  rivers 
near  the  mouth  of  the  latter. 

Colusa  basin  lies  west  of  Sacramento  River,  and  is  bounded  on  the 
south  by  a  ridge  of  debris  brought  down  by  Cache  Creek.  It  is  alnnit 
50  miles  long  and  from  2  to  7  miles  wide,  and  has  a  capacity  at  ordi- 
nary stages  of  (>9(),0()()  acre-feet.  It  drains  into  Sacramento  River 
alK)ve  Knights  Landing. 

American  basin  extends  from  American  River  to  a  j)oint  about  I) 
miles  above  the  mouth  of  Feather  River.  It  has  an  area  of  alK)nt  110 
square  miles,  and  contains  at  ordinary  fl(K)d  stages  345,000  acre-feet, 
its  maximum  capacity  being  approximately  575,000  acre-feet.  It 
receives  the  water  which  escapes  through  breaks  in  the  east  bvkwks.  v^i 
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SacramentD  uid  Feathw  rivers,  through  the  aouth-dde  levees  of  1 
River,  and  fnmi  tiie  Sierra  Nevada  foothills  between  AmericaB-^Bi 
Bear  rivenL 

Sacramento  basin  is  a  long,  narrow  depression,  east  of  SaGnunflnto 
River  and  south  of  the  city  of  Sacramenta  It  has  been  protected  for 
a  number  of  years  from  overflow  by  levees. 

Yolo  basin  lies  on  the  west  side  of  Sacramento  River  below  Kni^ts 
Landing.  It  is  the  largest  of  the  flood  basins,  and  has  a  length  of  40 
miles  and  an  average  width  of  7  miles.  During  floods  it  contains 
about  1,150,000  acre-feet  of  water.  It  is  a  by-pass  for  the  ezceas 
flood  water  of  the  Sacramento.  An  outlet  through  Cache  Slouch 
which  enters  the  main  river  at  the  foot  of  Grand  Island,  discharges 
at  times  more  than  double  as  much  as  the  main  river.  The  effect  of 
this  body  of  water,  which  stands  ftt  the  same  elevation  as  the  river, 
is  to  increase  the  high-water  stage  near  the  foot  of  Ghrand  Island  if  the 
basin  receives  a  large  volume  of  water  suddenly  through  a  break  in 
the  west  side  of  the  levees.  Much  damage  has  been  caused  to  the 
*  reclamation  work  on  the  delta  island  on  this  account. 

The  total  approximate  storage  capacity  of  these  basins,  not  includ- 
ing the  Sacramento  basin,  is  8,800,000  acre-feet. 

The  Sacramento  below  Red  Bluff  flows  in  a  channel  that  is  in 
places  raised  above  the  surface  of  the  country  on  either  side.  The 
banks  are  low  and  there  are  sloughs  that  lead  the  water  into  the  over- 
flow basins.  The  slope  of  the  channel  is  small,  so  that  the  flow  is 
sluggish.  The  channel  cross  section  is  much  smaller  than  that  of  the 
fl(K)d  flow,  so  that  the  river  sometimes  overflows  its  banks  and  floods 
the  country  for  many  miles  on  eiich  side.  The  river  was  fonnerly 
navigable  to  Red  Bluff,  and  there  was  a  rise  and  fall  of  the  tides  at 
Sacramento  of  2  fwt  in  18G0.  Now  the  tidal  effect  is  not  felt  at 
SacrauH^nto  and  the  lied  of  the  river  there  is  higher  than  the  surface 
of  low  water  some  years  ago. 

PVather  River  breaks  through  the  foothills  into  Sacramento  Val- 
ley at  Oroville.  Its  mountain  drainage  is  fan  shaped  and  the  water 
collected  when  rains  aiv  general  sometimes  causes  tremendous  freshets 
of  short  duration.  The  river  has  at  such  times  overflowed  its  right 
bank  and  sulmierged  the  relatively  high-plain  lands  northwest  of  the 
Sutter  Buttes. 

There  has  been  a  great  change  in  the  channel  of  this  river  in  reot»nt 
years.  In  1849  it  was  a  clear-water  stream  falling  over  bars  of  gravel 
and  cobbles  lying  between  well-defined  banks  to  its  junction  with 
Yuba  River.  Tidal  influence  extended  for  some  distance  up  the 
river.  The  Iwttom  lands  along  Yuba  and  FVather  rivers  in  their 
original  condition  were  inundated  only  at  times  of  extraordinary 
floods.  Now  Feather  River  Mow  Yuba  River  has  become  the  reposi- 
tory of  so  much  mining  debris  that  its  channel  has  been  nearly  filled. 
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its  bottom  being  nearly  at  the  height  of  its  fonner  banks.  The  water 
plain  at  Marysville  at  low  stage  of  Yuba  and  Feather  rivers  is  now 
at  least  15  feet  higher  than  it  was  in  1849. 

Feather  and  Yuba  rivers  were  once  navigable  streams.  Up  to 
1862  the  Yuba  was  navigable  all  the  year  for  ships  and  boats  draw- 
ing from  9  to  10  feet  of  water,  and  during  the  entire  season  deep- 
water  ships  and  steamers  from  around  Cape  Horn  navigated  to 
Marysville.  At  the  presimt  time  the  channel  of  Yuba  River  is  en- 
tirely filled  with  mining  debris  and  Feather  River  is  practically 
unnavigable. 

PRECIPITATION. 

The  monthly  precipitation  at  14  places  in  the  Sacramento  River 
drainage  basin  for  the  seasonal  year  190J3-4  is  given  in  the  table 
below,  which  shows  clearly  the  excessive  precipitation  at  all  sta- 
tions of  high  elevation  in  this  watershed  during  February  and 
March,  1904.  The  records  for  Red  BluflF  and  Sacramento  are  taken 
as  typical  of  the  precipitation  of  the  Sacramento  Valley.  Fifty  per 
cent  or  more  of  the  total  yearly  precipitation  fell  during  these  two 
months,  the  rainfall  being  from  100  to  250  per  cent  above  the  normal. 
The  precipitation  was  7.37  inches  at  Mount  St.  Helena  on  March  17 
and  6.58  inches  at  Mount  Shasta  on  March  15  and  was  2  or  more 
inches  daily  at  several  places.  Some  of  this  precipitation  fell  as 
snow  and  did  not  at  once  find  its  way  into  the  streams  as  run-off; 
otherwise  the  resulting  flood  would  have  been  much  larger  than  it 
was. 

Monthly  precipitation  at  certain  jmintt*  in  the  iratershed  of  Sa<^amento  River, 
California,  for  the  neason  J 903-4. 


Basin  and  Btation. 

Sept. 

Oct. 

Nov.  1  Dec. 

1 

Jan.  1  Feb.   Mar. 

1 

1 

Apr. 

May. 

June. 

July. 

Augr. 

Total. 

Upper      Sacra- 
mento: 

• 

Dunsmuir".-- 

O.W)  1  5J.27   1H.94  1  6.H4 

5.(W  24.00  22.90 

4.:« 

0.00 

0.00 

0.00 

0.00 

81.31 

Shasta" 

.17  1  2.06  19.  «7     4.78 

2.79  24.86  'l6.37 

7.84 

.07 

.00 

.04 

.00 

78.64 

Johns  Camp  o. 

.(W     5.06  \2\.m     4.H6 

4.50  19.7:^127.26 

10.90 

.a) 

.00 

.00 

.00 

94.15 

Feather: 

•            '            1 
1 

1 

Quincyn 

.H5  ^  1.53    14.0K  i  '4.12 

2.46  22.10  ,10.88 

1.97 

.74 

T. 

.<I5 

.12 

57.96 

Butte  Valley" 

' 'l5.90     5.50 

4.20  22.90  22.10 

6.65 

.65 

T. 

.70 

.90 

f»79.50 

Yuba: 

1                        1 

i                ! 

Laporte« 

.40  1  8.50  |27.«4     «.4« 

4.48  80.:^5  ,81.66 

7.68 

.98 

.24 

.10 

.58  !  114.02 

Bowman 
Dam« 

1            ,            1            1            ' 
.(X)     4.08  181.27  :  rt.ltt  1  5.:^7   45.  «1  89.51 

8.52 

l.JfT 

.15 

.2t) 

.11      142.88 

American: 

'           1            ■ 

Cisco" 

.00  ;  l.a)   16.90  1  2.80 

5.20  .80.80  26.87 

5.20 

.80 

T. 

.00 

.50  ,    90.07 

Georgetown  a. 

T.    ,  1.89 

17.71  1  2.07 

4.79  28.02 '21.17 

5.52 

.81 

.00 

.00 

.05       79.68 

Cache  Creek: 

1 
1 

1 

Lakepor t 
(nearW 

.00 

.36 

1 
5.29  i  8.18 

1.4IJ.8.78     7.74 

2.17 

.00 

.W 

.00 

28.92 

•  Authority  of  Unltwl  States  Weather  Bnrenn. 

*The  i)erio(l :  year  Incomplete. 

«. Authority  of  United  States  Gcolojjical  Survey. 
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Monthly  $Mreci$kitatian  at  certain  paints  in  the  watershed  of  Saormmenio  R¥oeT, 
California,  for  the  season  190^4— Continued. 


ttsdAtollon. 


Bept. 


O0t 


Not. 


Do& 


Jtai* 


P^b. 


Apr, 


Msy. 


Julj, 


Aqf, 


H«I«iitf... 


BikI  Bluffs  „ 


100 


7.90 
a.  44 


4.m 


.0 


9Lte  il.40 


£.90 


.u 


i&if 


•  Aathorlty  of  Andrew  Rooca. 

*  Authority  of  the  United  States  Weather  Bureau. 

OAOE  HEIGHT  AXD  DISCHARGE. 

The  United  States  Geological  Survey  had  five  gaging  stations  in 
this  drainage  basin  during  this  flood — one  on  Sacramento  River  at 
Red  Bluff,  one  on  Feather  River  at  Oroville,  one  on  Yuba  River 
at  Smartsville,  one  on  Stony  Creek  near  Fruto,  and  one  on  Cache 
Creek  near  Yolo.  The  mean  daily  discharge  during  the  fifty  days 
of  the  flood  (February  11  to  March  81)  is  given  in  the  table  below. 
About  72  per  cent  of  the  total  mountain  and  foothills  drainage  am 
of  the  basin  is  above  these  gaging  stations.  The  daily  discharge  for  the 
remaining  28  per  cent  has  been  estimated,  and  the  total  daily  dischai^ 
for  all  the  mountain  and  foothills  area  is  given  in  the  last  column. 

/>«////  mean  flugc  height  and  discharge  hi  tSacramcnto  basin,  February  ll-Marvh 


Sacramento   River   at 
Iron    Canyon,    near 
Red  Bluff,  Cal. 

Stony  Creek  at  Julians, 
Cal. 

Cache  Creek  at  Yolu 
Cal, 

DaU'. 

Oaffe 
height. 

DiBcharsre. 
Sec.  feet. 

Gage 
hei^t. 

Discharge. 
Sec.  feet. 

hei^l 

Discharge. 

Feet. 

Feet. 

itVe/. 

Sec.  feet. 

February  11 

3.30 

11,040 

4.20 

210 

2.50 

270 

February  12 

3.30 

11,040 

9.00 

5,270 

5.95 

1,996 

February  13  .... 

6.30 

22,360 

6. 25 

1,630 

9.35 

4.400 

February  14 

6.30 

22,360 

5.45 

942 

5.50 

1,705 

February  15 

17.35 

84,790 

8.25 

4,055 

5.25 

1.555 

February  16 

«28.00 

184,600 

12.25 

15.450 

16.75 

11.250 

February  17 

15.20 

69.560 

8. 25 

4,055 

8.75 

4,012 

February  18 

11.20 

45.280 

7.20 

2,660 

7.00 

2,700 

February  19 

9.55 

36,940 

6.65 

2,035 

5.80 

1.900 

February  20 

9.90 

38,620 

5.85 

1,265 

5.10 

1.465 

February  21 

12.50 

52,600 

7. 85 

3,480 

4.90 

1,350 

February  22 

20.30 

108,480 

11.75 

13,200 

11.00 

5,900 

February  2S 

16.60 

79,320 

8.  H5 

5,015 

14.75 

9,275 

•  Gage  h< 

•Ight  9  a.  n 

L ;  bVg\ieal ' 

yiiio'VTv  i6«i«,^ 

\i^\^\\V,  i.Yft 

.  ^»nvft  ul^hl 

t. 
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^an  gage  height  and  discharge  in  Sacramento  basin,  February  11-March 
31,  imi-'C:putmued, 


y  24... 
7  25... 
>  26  ... 
y27... 
jr28... 
v2»  _-. 


Sacramento  River  at 
Iron  Canyon,  near 
Red  Blnff,  Cal. 


Stony  Creek  at  Juliana, 
Cal. 


height. 

Feet. 
19. 15 
19.15 
16.80 
17.80 
13.85 
13.40 
13.10 
15.55 
14.40 
15.80 
14.70 
13. 10 
16.30 
24.40 
18.95 
17.90 
15.80  ! 
14.70  ' 
13.30 
15.80 
17.25  j 
18.30  ' 

(18.85)1 
19.40 
18.30 
19.40 
16.20 
13.50 
12.40 
11.50 
10.40 
8.80 
1 1 .  50 
14.70 
18.20 
14.80 
13.00 


.Discharge. 


Sec.  feet. 
98,830 
98,830  ; 
80,760 
88. 180  j 
54,700  ^ 
58,000  ! 
56,200  , 
71,9r>0  I 
64,260 
73,700 
66,220 
56,200 
77,200 

147, 180 
97,200 
88,940 
73, 700 
66, 220 
57, 400 
73, 700 
84, 050 
92. 040 
96.400 

100,880 
92.040 

100.880 
7().  500 
58. 600 
52, 020 
46, 900 
41,100 
33, 380 
46,900 
66. 220 
91.260 
66.880 
55,6  10 


Oafe 
icight. 


heigl 


Ftet 

13.50 

10,00 

10.  00 
0.05 
7.90 
7.40 
7>30 
7.20 
7.10 
7.05 
6.75 
6.a5 

.7.55 
7.65 
7.25 

13. 25 
9.25 
7.85 
7.35 
8.65 
8.00 
7.60 

10.50 
9.  75 
8. 85 
8.90 
8.00 
7.45 
7.20 
6.95 
6.80 
6. 65 
8. 35 

10.50 
9. 35 
8. 55 
7.30 


Diaehargie. 

Str.  ffrt. 

22,200 
7,280 
7,380 
5,3iM} 
a,.>50 
2,900 
3,660 
2,660 
2,540 
2,480 
2, 145 
2,255 
3,085 
3,215 
2,720 

20,700 
5,720 
3,480 
2,840 
4,680 
3,690 
3,150 
8,560 
6.700 
5.015 
5, 100 
3, 690 
2,960 
2,660 
2, 365 
2,200 
2,035 
4,205 
8,560 
5,905 
4, 520 
2,7H0 


Cache  Creek  at  Yolo, 
Ckl, 


^t.       Dt^^harge. 


heigl 


Feet. 

16.50 

7.50 

13.00 

16.50 

9.60 

8.60 

7.a5 

7.30 

7.05 

6.85 

6.65 

6.45 

6.35 

6.80 

6.20 

14.75 

20.75 

12.00 

10. 75 

10.60 

10.50 

10.40 

11.65 

16.50 

11.75 

10.55 

10.25 

10.10 

11.00 

9.80  I 

9.80  I 

9.65 

9.50  I 

16.75 

14. 50 

11.70 

10.40 


Sec.  feet. 

11,000 
3,075 
7,700 

11,000 
4,680 
3,900 
3,338 
2,925 
2,738 
2,595 
2,455 
2,328 
2,262 
2,225 
2,160 
9,275 

15,250 
6,800 
5,675 
5,540 
5,450 
5.360 
6, 485 

11,000 
6,575 
5,495 
5,225 
5,090 
5,900 
4,840 
4,840 
4,720 
4,600 

11,250 
9,050 
6,530 
5,360 


R  147 
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Daily  mean  gage  heigM  and  OieOtarge  in  8acratnenio  haelm,  Febrwmrw  ll-Menk 


Feather  RIy^t  At  Oro- 

Tnbft  RiTor  «t  fivartB^ 

Hountain  And  footbiU 
■qnsre  mll^ 

D«to, 

£^ 

DlootiftTve. 

Q«ffB 

height. 

Dlflcluri^. 

BiUMnffper 

F^L 

i§K,fwi^ 

F^t 

S^/eel. 

3t€.f€et. 

am,fKt. 

February  U 

8.25 

3,150 

6.70 

1.880 

22,408 

IM 

February  13  ..-- 

0.00 

12,900 

10.50 

13,340 

95,554 

4.11 

February  13  .... 

7.15 

6,500  ! 

8.50 

6.740 

68,381 

S.OI 

FebmaryU  .... 

5.95 

6,680 

7.50 

4,550 

51.587 

1L8 

February  15  .--. 

11.65 

26,250 

9.50 

9,850 

180,  d«9 

1            flL« 

F@brimry  Id 

20.85 

94,000 

20.00 

58,000 

570,014 

15.48 

Febrnary  17  .„^ 

16.75 

S9,975 

(17.00) 

41,000 

208, 986 

1&» 

February  18 

11.86 

t4,250 

(12.00) 

17,880 

147,486 

i.fli 

Febmai?  Ifl  ,,-. 

10.45 

17,900 

(10.50) 

12,840 

110p8l4 

LH 

Febmary  20 

9.55 

14,575 

(9.60) 

9,850 

94,081 

en 

February  21  _... 

9.^ 

14,925 

(9,50) 

9,850 

118,077 

M.m 

Febmary  2d  .... 

1?.80 

68,800 

20,80 

59,800 

442,141 

11.84 

FebmaiySS  .... 

16.40 

57,000 

14.30 

27,660 

270,5114 

12.64 

February  24  .__, 

21.50 

106,500 

20.30 

50,800 

542.216 

SLSS 

February  36  .,.. 

16.70 

77,750 

18.50 

24,080 

838,187 

14.  n 

February  36 

17. 15 

63,450 

10.40 

10,480 

277,^1 

12.45 

Feliniary  27  __., 

Ifi.O-j 

54,025 

11.20 

14.800 

251.436 

ILffi 

February  L'8 

1».U0 

S7,400 

10.60 

12.680 

160. 2M 

7,80 

Febniiiry  -iil 

12. 55 

2tt.4o0 

.     lu.  iiO 

11,700 

15;^,  J50 

6.*i5 

March  1 

11.65 

23,250 

10.00 

10,780 

138,296 

6.30 

March  2 . . 

11.95 

24,800 

9.60 

9,630 

152,558 

6.84 

March  8 

12. 15 

26,000 

10.00 

10, 780 

149.724 

6.72 

March  4 

13.  a5 

31,450 

10.90 

13,720 

174,889 

7.85 

Marcli  5 

12. 55 

28,400 

10.90 

13,720 

162,746 

7.30 

March  0        

12.00 

25.100 

10.20 

11,380 

139,488 

6.96 

March  7    .     

12.05 

25,400 

10.60 

12,680 

168,548 

7.56 

March  8    

15.35 

48,400 

12.50 

19,880 

295,970 

13.28 

March  9 

14.70 

43,850 

11.10 

14,440 

217.998 

0.78 

March  10 

15.65 

50.800 

13.10 

22,380 

345,474 

15.50 

March  11    

14.30 

40,350 

11.10 

14,440 

218,818 

0.60 

March  12 

12.35 

27,200 

10. 50 

12,340 

165,973 

7.45 

March  13 

11.95 

24,800 

9.80 

10,200 

148,209 

6.4S 

March  14 

11.  a5 

24, 250 

10.70 

13,020 

174,824 

7.84 

March  lo 

12.20 

26,300 

10.60 

12,680 

182,462 

8.10 

Manh  10 

11.75 

23,750 

10.50 

12,340 

183,158 

8.22 

March  17 

15.80 

52,000 

14.80 

30,040 

308,023 

13.88 

March  18 

20.45 

95,000 

15.50 

33,500 

380,434 

17.W 

SnTK.  -dfiKe  hel 

5htR  In  paw 

iitbe«e«  AT^ 

wvV\m?LX«A, 

<  MUBPHY  AND 
OTHEBS 
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^  Daily  mean  gage  height  and  discharge  in  Sacramento  basin,  February  11-March 

SI,  lOOJh-Contimxea. 


c 

Date. 

Feather  River  at  Oro- 
vme,Gal. 

Tuba  River  at  8xxiart»- 
viUe,  Cal. 

Mountain  and  foothiU 
drainage  area,  88,487 
square  miles. 

AC 

bSgEt. 

DlBcbarge. 

heigE^. 

Discharge. 

Bstimated 
discharge. 

RoB-off  per 
square  mile. 

'"'  March  19 

'    March  20 

'[   March  21 

March  22 

'    March28 

March24 

*     March25_. 

'     MaTch26 

March  27 

March  28.'. 

March  29 

March  80 

March  31 

Feet. 
19.75 
19.15 
16.70 
14.70 
18.55 
12.80 
12.00 
11.65 
11.50 
13.75 
16.70 
15.10 
13.40 

Sec.  feet. 
88,000 
82,000 
59,560 
48,350 
84,950 
29,900 
25,100 
23,250 
22,500 
36,850 
59,550 
46,400 
83,900 

Feet. 

15.10 

18.80 

10.80 

10.80 

9.10 

9.80 

9.10 

8.70 

9.00 

14.80 

18.80 

11.10 

10.20 

See.  feet. 

81,500 

28,220 

18,360 

11,700 

.8,260 

8,800 

8,260 

7,280 

8,000 

80,040 

28,220 

14,440 

11,380 

Sec.  feet. 
349,319 
328,675 
228,171 
177,849 
148,569 
134,910 
119,151 
104,825 
128,408 
260,514 
287,075 
206,809 
158,828 

aec.feet. 

15.68 

14.52 

10.24 

7.96 

6.67 

6.05 

5.85 

4.70 

5.76 

11.69 

12.88 

9.26 

7.18 

The  total  discharge  from  the  mountain  and  foothill  area  was  a 
maximum  on  February  16,  the  estimated  mean  daily  pate  of  discharge 
being  about  675,000  second-feet,  or  25.58  second-feet  per  square  mile. 
This  flood  rose  very  rapidly  and  also  subsided  rapidly.  Four  days 
after  the  maximum  stage  was  reached  the  discharge  was  only  94,680 
second-feet.  The  river  at  this  time  again  rose  very  rapidly,  and  in 
two  days  a  rate  of  442,140  second-feet  was  attained.  The  gi-eatest 
daily  rate  of  discharge  in  March  was  on  the  18th,  when  it  was  380,430 
second-feet. 

By  comparing  the  daily  rate  of  discharge  at  the  gaging  stations  it  is 
seen  that  when  the  rate  of  flow  from  the  w:hole  mountain  and  foothill 
area  is  a  maximum  the  rate  at  each  of  the  stations  is  generally  a 
maximum,  but  that  occasionally  the  rate  at  one  of  the  stations  is  a 
maximmn  while  the  rate  from  the  total  drainage  basin  is  not  a  maxi- 
mum. For  example,  the  rate  of  discharge  from  the  total  mountain 
and  foothill  area  was  a  maximum  on  March  10,  but  the  rate  at  Red 
Bluff  was  a  maximum  on  March  8. 

Taking  the  rise  that  culminated  on  February  10  as  a  typical  one, 
we  may  say  that  2.8  per  cent  of  the  total  run-off  from  the  mountain 
and  foothill  area  came  from  Stony  Creek,  2  per  cent  from  Cache 
Creek,  16.5  per  cent  from  Feather  River,  10.2  per  cent  from  Yuba 
River,  32.2  per  cent  from  Sacramento  River  above  Red  Bluff,  and  36.3 
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per  cent  from  the  mountain  and  foothill  area  of  tlie  Sacnuofinto  fam 
not  included  in  the  areas  gaged. 

CXBSTRUCnOK  OF  CHAKKE3U 

The  lower  Sacramento  has  always  been  subject  to  overflow.  The 
greatest  recorded  flood  was  in  1862.  The  precipitation  at  Sacn- 
mento  for  December,  1861,  and  January,  1862,  during  this  flood,  wts 
28.62  inches,  while  the  precipitation  for  these  months  for  1908-4^  as 
seen  from  the  table,  page  16,  was  only  1.67  inches.  The  nuudmam 
height  attained  was  not  as  great  as  that  of  the  1904  .flood,  but  the 
volume  of  water  discharged  was  much  greater.  Some  of  the  bot- 
tom land  has  been  reclaimed  by  the  construction  of  levees,  so  that 
the  flood  width  of  the*  river  has  been  considerably  reduced.  The 
depths  of  the  channels  have  been  reduced  also  by  the  deposit  of  dAris 
from  hydraulic  mining  on  the  tributariea 

The  reclamation  of  bottom  lands  along  the  river  by  the  confltruction 
of  levees  was  begun  in  1852  *  and  has  gone  on  steadily  since  that  time. 
It  is  estimated  that  $20,000,000  has  been  spent  by  private  parties, 
reclamation  districts,  the  State  of  California,  and  the  Federal  Got- 
emment  in  the  reclamation  of  these  lands  and  in  correcting  the  chan- 
nels of  Sacramento  and  San  Joaquin  rivers.  The  levees  in  many 
districts  have  been  repeatedly  overtopped  by  floods.  The  problem  of 
I'eclamation  has  been  rendered  more  difficult  on  account  of  the  &ct 
that  the  beds  of  the  streams  in  Sacramento  Valley,  particularly  the 
Yuba,  Bear,  Feather,  American,  and  the  Sacramento  below  the  mouth 
of  the  Feather,  have  been  raised  by  the  accumulation  of  debris  brought 
clown  during  floods.  Some  lands  that  were  formerly  exempt  froni 
ovei-flow  have  been  inundated  recently  by  the  accumulation  of  mining 
debris. 

DAMAGE   DONE   BY   FUX)D. 

This  flood  swept  away  levees,  fences,  buildings,  crops,  and  caused 
great  damage  to  agi'icultural  land.  Approximately  800,000  acres 
of  land  were  flooded.  It  is  said  that  50,000  acres  of  wheat  were 
destroyed  by  breaks  in  the  levees  below  Colusa.  Orchards  which 
had  reached  their  most  productive  age  were  killed  by  the  water  stand- 
ing upon  them.  The  value  of  a  portion  of  the  submerged  land  wa:? 
decreased  by  having  from  2  to  4  feet  of  sand  deposited  upon  it.  On 
February  20  the  levee  on  the  left  bank  of  Sacramento  River  broke  at 
a  point  2J  miles  l>elow  the  south  line  of  the  city  of  Sacramenta 
This  was  known  as  the  Edwards  break.  The  w^ater  escaping  at  this 
j)()iiit  hacked  up  against  the  Y  street  levee  of  Sacramento  and  socm 
overtopped  the  cross  levees  to  the  south  and  reached  Sacramento  River 
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,-  by  way  of  Mokeliinine  River.  About  10,000  acres  of  fertile  anc 
highly  cultivated  land  in  the  Sacramento  flood  basin  were  inundated 
and  remained  so  until  the  end  of  March.  This  area  was  planted  to 
crops,  orchards,  gardens,  alfalfa,  etc. 

The  city  of  Sacramento  was  surrounded  by  water  on  three  sides. 
"*  On  March  10  a  severe  windstorm  from  the  southeast  drove  the  waves 
*^  against  the  Y  street  levee,  and  a  threatened  break  was  prevented  only 
■f'  by  continuous  work. 

•; .  The  Edwards  break  is  suppased  to  have  been  caused  by  the  work  of 
"-  squirrels  and  gophers  and  the  fact  that  the  base  of  the  levee  is  located 
''  upon  a  bed  of  quicksand.  To  this  break  may  be  traced  the  flooding 
•*  of  Staten,  Tyler,  and  Bouldin  islands  on  lower  San  Joaquin  River. 
■ '  Before  the  repairs  were  completed  the  width  of  the  gap  in  the  levee 
"'  was  1,400  feet  and  the  total  cost  of  closing  it  has  amounted  to  $120,000. 
'  It  has  l^een  impossible  to  make  a  satisfactory  estimate  of  the  total 
damage  caused  by  the  flood  of  1904.  The  most  that  can  be  said  is 
•  that  the  loss  amounted  to  several  millions  of  dollars.  Fortunately, 
there  was  no  loss  of  life. 

PREVENTION    OF   FUTURE   DAMAGE. 

After  the  flood  of  February  and  March,  1904,  an  engineering  com- 
mission was  appointed  by  the  governor  of  California  to  report  upon 
rectification  of  Sacramento  and  San  Joaquin  rivers  and  their  prin- 
cipal tributaries  and  the  reclamation  of  overflow  lands  adjacent 
thereto.  This  commission  made  its  report  to  the  commissioner  of 
public  works  of  California,  December  13, 1904.     It  declares  that — 

In  Sacramento  Valley  and  contijruous  parts  of  San  Joaquin  Valley  there  are 
8onie  1,250  square  miles  of  very  fertile  land  that  is  subject  to  overflow  from  n 
very  considerable  flcK)d  in  Sacramento  Kiver,  and  al)0ut  1,7()0  square  miles  from 
ordinary  floods.  The  problem  presented  for  solution  is  to  devise  means  for 
prev€»ntinK  the  inundation  of  these  lands  by  having  the  flood  water  that  must 
pass  through  this  territor>'  pass  harmlessly  into  Suisun  Bay,  and  to  correct  the 
existing  faults  of  the  river  channel  with  a  view  to  avoiding  the  floods  and  pro- 
moting the  interests  of  navigation. 

The  plans  recommended  for  the  solution  of  the  problem  are — 

1.  To  confine  the  flood  waters  to  the  channels  of  the  various  streams  by  means 
of  levees,  so  as  to  prevent  destructive  inundation  of  the  fertile  lands. 

2.  To  correct  the  alignment  of  the  river  l)y  cut-offs  where  necessary,  and  to 
increase  its  channel  capacity  by  mechanical  means  where  current  action  fails 
to  accomplish  that  purpose. 

3.  To  collect  the  hill  drainage,  which  now  loses  itself  in  the  l)asins.  In  inter- 
cepting canals  and  carry  it  into  the  river  at  selected  i>oints. 

4.  To  provide  escape  ways  over  leviH»s  for  surplus  flood  waters  during  the 
period  of  channel  development,  and  to  provide  for  the  disposal  of  this  water  in 
conneotion  with  the  hill  drainage. 

5.  To  provide  for  the  relief  of  the  basins  from  accumulation  of  rain  and 
seepage  water  by  means  of  pumps  wh(»rever  gravity  drainage  is  not  practicable. 
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It  is  proposed  to  construct  lines  of  levees  on  both  sides  of  Sacri- 
inento  River,  from  Stony  Creek  on  the  west  and  Chico  Creek  on  the 
east  down  to  its  mouth,  including  both  sides  of  Old  River  and 
Steamboat  Slough,  except  where  existing  levees  are  adopted  into  the 
system.  The  minimum  distance  between  the  levees  is  specified  in 
each  case,  and  wherever  the  distance  between  the  present  levees  is 
less  than  this  specified  amount  the  width  is  to  be  increased,  by  the 
removal  of  the  old  levee  on  one  or  both  sides  of  the  river. 

The  estimated  cost  of  carrying  out  the  plan  proposed  is  $23,776,000. 
The  direct  benefits  to  the  entire  valley  to  be  realized  as  a  result  of 
this  plan  of  improvement  are  the  reclamation  of  a  million  acres  of 
extremely  fertile  land  and  the  placing  of  all  in  a  position  of  assured 
safety  from  overflow,  together  with  direct  and  indirect  advantages 
to  many  associated  interests,  which,  expressed  in  money  valuation. 
reach  at  least  $100,000,000  and  assuredly  justify  the  cost  of  the  work. 

SUSQUEHAlfNA  RIVKR  FI.001>,  PENNSYIiVAJOA. 

By  E.  C.  MuBPHY. 

From  March  3  to  15,  1904,  there  was  a  very  destructive  flood  on 
Susquehanna  River,  due  to  excessive  precipitation,  the  rapid  melting 
of  ice  and  snow,  and  the  formation  of  ice  gorges  along  the  river. 

FORMER   FLOODS. 

Destructive  floods  are  not  infrequent  on  this  stream,  four  notable 
ones  Iiaving  occurred  in  the  past  forty  years.  One  of  these  (x^curred 
in  March,  1805,  and  was  due  to  excessive  precipitation,  accompanied 
by  a  rapid  melting  of  ice  and  snow  and  the  formation  of  ice  gorges. 
Another  occurred  in  June,  1889,  and  was  due  to  an  excessive  and  pro- 
lon^red  precipitation,  which,  in  point  of  vohnne  of  water,  was  the 
greatest  on  record.  A  third  occurred  in  May,  1894,  was  due  to  ex- 
cessiv(>  precipitation,  and  reached  a  stage  from  2  to  3  feet  low^er  than 
the  stage  of  tlie  1<S(S9  flood  at  McCalls  Ferry.  The  primary  cause  of 
th(*  fourth  flood  (March,  1904),  to  be  described  in  this  paper,  was  the 
l)reaking  up  of  the  ice  at  places  along  the  stream  in  January",  with 
the  water  at  so  low  a  stage  that  this  ice  instead  of  moving  out  of  the 
river  collected  in  placets  where  islands  and  other  obstructions  had 
caused  the  formation  of  gorges.  These  gorges  were  solidified  and  in- 
creased in  thickness  by  the  low^  temperature  of  February,  forming 
dams  tluit  backed  the  w^ater,  causing  overflow  of  large  areas.  The 
warm  rains  of  March  (>  and  7  largely  increased  the  volume  of  flow, 
causing  these  gorges  to  break  and  form  other  temporary  gorges  far- 
ther downstream.  When  these*  temporary  gorges  gave  way  great 
destruction  was  caused,  lu'idgi^,  buildings,  and  even  islands  being 
coinpletvly  destroyed  by  the  aeliou  of  the  ice  and  water. 
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STREAMS  AND  DRAINAGE  BASIN. 


The  Susquehanna  drainage  basin  is  one  of  the  largest  on  the 
Atlantic  slope  and  comprises  an  area  of  about  27,400  square  miles, 
located  mainly  in  eastern  Pennsylvania.  About  56  per  cent  of  this 
basin  is  in  the  Allegheny  Plateau,  31  per  cent  in  the  Allegheny  Moun- 
tains, 6  per  cent  in  the  Allegheny  Valley,  and  7  per  cent  in  the  Pied- 


FiG.  1. — Drainage  basin  of  Susquehanna  River. 

mont  Plateau.  The  Allegheny  Plateau  is  characterized  by  high  hills 
and  deep  valleys,  the  hills  rising  from  about  500  to  800  feet  above 
the  valleys.  The  western  part  is  more  broken  and  has  steeper  slopes 
than  the  eastern  part.  The  valleys  contain  much  glacial  drift  and 
many  of  the  hills  are  covered  with  timber.  The  mountain  portion 
consists  of  a  series  of  nearly  parallel  ranges,  with  steep  slopes^  through 
which  the  Susquehanna  has  cut  its  waterway,  forming  great  water 
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gaps.  Below  ihf^  rnoiiutniii  I'l-gitui  tlu*  vjiHevH  tuv  wider  uiid  tbal 
slujiii^si  li'jss  shrp*  The  s1(i|k.>  of  ihv  stn?ani  is  oonipamtivoiy  siimll  in 
thiK  prirt  of  tht*  ciraitiugt*  basin.  The  Piedtnoiit  Platc»»u  regtcm  k 
cainposi^d  mainly  of  furmiujir  hind  witii  low,  well-roundpd  hills  and 
wry  littk>  fort^st  un*ii.  Tht*  Susiiuehanna,  like  its  tributaries  in  this 
part  of  the  basin,  has  a  very  wteap  j^loi^e  for  its  size,  having  a  number 
of  shoals  Tvith  eorxf^iderabh^  fall* 

The  principal  trihutariey  are  Chenango  Riv^er,  which  enters  from 
the  west  at  Bingham  ton,  N.  Y. ;  We,st  Branch,  entering  HunbuiT. 
Pa,,  and  Juniata  River,  which  enters  from  the  wast  about  15  milts 
above  Harrinlnirg.     (StH^*  Hg*  J,) 

The  slojx;  of  tliti  river  can  be  seen  from  the  following  table : 


Looftllty 


Month ,,.. , 

State  line  ^^,^-.  _**. .x*, ,,*^,^, 
Mouth  of  Fishing  Creek 
Foot  of  Colnmbia  tlaiw 
Foot  of  Conewago  Falls 

Al>r»ve  Conewago  Falls  . .  - ,. 

Harrisburg ,-,^- 

Rockville .--  ,-...,.-.---. 

Clark  Ferry  dam,  foot         .... 

Liverpool  ....  =  =  ... . . , . , 

Selniflgrove  . .   . .  _ ,  - , , . 

Sim  bury  dam: 

Foot    .„,, ,,_ 

Great  ____. 

Nonticoke  dam; 

Foot    .   .....-._.. /_,. 

Creat         --f,^-^^-„__,^^^U—. 

Wilko^baire  ..   

Mouth  of  Lackawanna  River  . 
M<>utb  of  Tunkbannock  Creek 
Mouth  of  Meeliuopany  Creek 
Mouth  of  Wyalufliug  Creek 

Mouth  of  Wyftox  Creek  . .     

Towanda .^ ._.^iii_. ,. 

Athena  ....    .-,_,__ . 

Otnego  Lake     . 


trvm 

moutiir 


0 
IS 
30 
4a 

57 
59 
6^ 
75 

JH 
99 

lift 

133 
123 

174 
17i 
is:* 
190 
211 
3^ 
244 
258 

2m 

278 
4S2 


i 


0 

69 

100 

mi 

373 

805 
936 
378 
431 

4S2 

4d9 

50» 
51G 
SSI 

SSI 

im 
da? 

TOO 

744 

1,198 


FftU 


l»Uper 


#Wf 


5,a 

HA 

9.ri 

2.S 


i 


sai 

19 
1? 


•  Ganoett,  Henry,  Profllea  ol  tV\eTO*.  "V?at«t-%\x^.  «cTid  Irr.  Paper  No.  44,  U.  S.  OeoL  Bat- 
rey,  1901,  p.  17. 
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PRECIPITATION. 

The  monthly  precipitation  and  the  variation  from  normal  monthly 
precipitation  from  October,  1903,  to  March,  1904,  at  three  places  m 
this  drainage  basin  are  given  below : 

Monthly  prrripltation  and  nwnthly  variation  from  nomval  in  Susquehanna  bwHn, 


Place. 


Oct. 


HarrisbuTK,  Pa.:  inches. 

Precipitation i    2. 62 

Variation '  -  .4 

Scran  ton,  Pa.: 

Precipitation 0. 42 

Binghamton,  N.  Y.:  ' 

Precipitation 5. 74 

Variation :-h2.8 


Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

0.88 

1.92 

3.11 

1.54 

2.72 

-1.9 

-1.1 

-  .5 

-1.4 

-  .8 

1.86 

2.59 

8.23 

.92 

2.10 

2.26 

2.12 

2.11 

1.16 

2.11 

.1 

t^ 

-  .8 

-1.7 

-1.0 

Total. 


Inches. 
12.79 

-  6.1 

17.12 

15.5 

-  1.5 


From  this  table  it  may  be  seen  that  there  was  a  deficiency  of 
precipitation  at  these  placets  of  from  IJ  to  6  inches  preceding  this 
flood.  The  deficiency  at  Binghamton  would  have  been  about  3 
inches  larger  had  it  not  been  for  the  excessive  precipitation  at  this 
l)lace  during  the  month  of  October. 

While  these  data  are  not  sufficient  to  enable  us  to  state  exactly  the 
deficiency  for  the  whole  drainage  l)asin,  they  are  sufficient  to  indicate 
that  the  precipitation  over  the  drainage  basin  for  the  six  months 
prior  to  the  flood  was  below  the  normal  for  such  a  period,  and  that 
the  flood  was  not  due  to  the  large  volume  of  water  flowing,  but  to 
the  ice  gorges  in  the  river. 


ICE   OOROES. 

The  following  facts  in  regard  to  time  of  breaking  up  of  ice  gorges 
on  this  river  are  taken  from  the  United  States  Weather  Review. 

The  ice  on  Juniata  River  l)roke  the  latter  part  of  February  and 
formed  a  gorge  at  Duncannon.  It  broke  on  West  Branch  at  Ijock- 
liaven  at  *2  p.  ni.  March  3,  moving  out  on  a  12-foot  stage.  When  the 
Hood  reached  Duncannon,  on  March  4,  it  broke  the  gorge  there  and 
the  ice  in  the  river  Inflow,  destroying  Clarks  Ferry  bridge.  The  ice 
began  to  move  at  Fort  Hunter,  7  miles  above  Harrisburg,  at  10  a.  jn. 
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iukI  at  HarrJKburg  at  10.r)5  n,  m.  <ni  Marcli  k     Tlie  surface  Huetua- 
tioiis  of  the  river  jit  Harrisbiirg  on  March  4  were  as  foUows: 

OcH^e  height  at  HttrrlHburpt  March  |,  1904- 

S  a.  m .-^ ^_— .__^^ ^-^ - 13.5 

12  in__,_ _,________^,^ ^.^ __^_.„. ^._„  lao 

3J5  p.  in .^^^^- -„,^-,^ _^ ^,„_. . .,  SaS 

11  i>.   m ^___^,._„^^ .. .,__-_. ^ ^«_^ ..  2L3 

A  gorgt*  formed  nf^nr  MiddletOTrn,  i^  miles  below  Harrisl^nrg.  and 
another  a  short  distaiia*  below  Hig^hs^pire,  the  water  bein^  1.5  ftn^t 
higher  at  the  former  pliice  and  0.8  fotjt  higher  ait  tht*  latter  pl«<*f  thiiu 
during  the  grent  fl(KKl  of  June  2,  188S).  All  the  lowlands  along  this 
l>art  of  the  river  were  flooiled. 

There  was  no  material  change  in  conditions  on  the  main  stream 
from  Ma  roll  4  to  8.  The  height  of  tlie  water  in  the  pools  aix>ve  the 
ice  gorges  flnctuated  as  the  gorges  opened  and  were  close<l  again  by 
floating  ice. 

Jnniatfi,  West  Branch,  and  the  headwaters  of  the  main  stream  f&U 
from  March  4  until  the  morning  of  March  7,  when  mild  weather  and 
rain  caused  all  the  tnanclies  tu  vim*  rapidly.  On  the  evening  of 
March  7  the  ic*  passed  out  of  Roaring,  Catawissa,  and  Neseopeck 
creeks.  Early  Marcli  H  the  ice  began  to  move  at  Wilkes^burre,  but  in 
two  hours  formed  a  gorge  and  caused  the'  stage  to  Ik*  29  f^fet  at  noon* 
It  broke  at  Pittston,  above  Wilkesbarre,  about  midnight  of  March 
8,  and,  moving  downstream,  lodged  on  the  gorge  at  Nanticoke,  caus- 
ing the  water  to  reach  30.6  feet  at  Wilkesbarre,  flooding  more  houses 
and  causing  several  coal  companies  to  suspend  operations.  The  ice 
moved  about  400  feet  at  Catawissa  at  11.30  on  March  9,  Carrying 
away  two  spans  of  the  Catawissa  bridge.  Several  movements  of  ice 
occurred  in  North  Branch  on  March  9,  indicating  a  general  break- 
ing up  of  the  ice. 

At  Middletown  at  10  a.  m.  on  March  7  the  stage  of  the  river  was 
34.5  feet — ^that  is,  5  feet  higher  than  during  the  great  flood  of  June 
2. 1889.  The  gorge  at  Bainbridge,  14  miles  below  Harrisburg,  moved 
on  March  8,  dislodging  the  gorge  at  Turkeyhill  and  forming  a  gorge 
below  Safe  Harbor,  submerging  the  lower  part  of  the  town  and 
destroying  many  houses  and  two  bridges. 

The  ice  started  at  Danville  about  3.30  p.  m.  on  March  9,  carrying 
away  the  bridge  at  this  place.  About  5  p.  m.  it  began  to  move  at 
Wolverton,  a  few  miles  above  Sunbury,  and  the  portion  of  the  great 
gorge  between  Sunbury  and  Boyds  passed  out,  carrying  away  three 
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spans  of  the  wooden  highway  bridge  at  Sunbury.  A  section  of  the 
gorge  l^etween  Boyds  and  Rupert  moved  out  at  2  p.  m.  on  March  10, 
causing  the  river  at  Catawissa  to  fall  14  feet  and  improving  the  situ- 
ation at  Bloomsburg,  where  the  water  fell  at  the  rate  of  6  inches  per 
hour  during  the  afternoon.  A  section  of  the  gorge  at  Rupert  moved 
out  about  noon  March  11  without  destroying  the  Bloomsburg  Bridge, 
as  it  settled  back  on  its  piers.  The  stage  at  Bloomsburg  was  24  feet 
when  the  ice  began  to  move,  and  fell  to  12  feet  shortly  after  the  move- 
ment occurred.  The  ice  was  reported  to  be  6  feet  in  thickness  when 
it  broke  up. 

No  further  movement  of  ice  was  reported  until  March  21,  when 
the  gorge  above  Wilkesbarre  began  to  disintegrate  and  pass  down- 
stream. A  portion  of  the  gorgas  in  Susquehanna  and  Chenango  Riv- 
ers near  Binghamton  moved  out  during  the  afternoon  of  March  24. 
The  ice  at  Bloomsburg,  which  is  near  the  center  of  the  great  gorge, 
began  to  move  at  7  p.  m.  on  March  24,  and  the  gorge  at  Creasy  broke 
at  3.30  p.  m.  on  March  25  without  doing  much  damage. 

GAGE   HEIGHT  AND   DISCHARGE. 

The  daily  gage  height  and  corresponding  discharge  at  six  of  the 
^raging  stations  in  this  drainage  basin  during  this  flood  are  given 
below : 

Daily  gage  height  and  discharge  at  gaging  stations  in  Susqiiehannu  drainage 
basin  during  flood  of  Man*h,  1904. 


Sasqnehazma  Riyer  at     SoBquebanna  River  at 
McOalls  Perry,  Pa.      I        Harrislmrgr,  Pa. 


Date. 

-     - 

Gaire 
height. 

Feet. 

March  3 

122.0 

March4 

122.9 

March  5 

128.0 

March  6 

128.0 

March? 

126.0 

March  8 

146.  G 

March9 

130.2 

March  10 

130.4 

March  U 

130.9 

March  12. 

126.6 

DifM'harge. 


Sev.  feet. 
59,000 
70,200 
141,100 
141,100 
118,500 
300,000 
176,500 
180,700 
192,000 
121,300 


Oaoe 
height 


Feet. 
11.91 
13.50 
22.00 
19.41 
16.83 
21.16 
15.91 
15.00 
12.00 
9.16 


Diachaii^. 


Sec.  feet. 
(^ 
(«) 
(«) 
(«) 
(«) 
(") 
(«) 
(«) 
(«) 
(«) 


SuflQuehanna  River  at 
Wilkesbarre,  Pa. 


heigrfat. 


Feet. 
12.3 
11.6 
11.0 
10.9 
11.6 
21.7 
25.3 
24.6 
28.8 
22.0 


Discharge. 


.SVr.  feet. 
(«) 
(«) 
(«) 
(«) 
(«) 
(*') 
(«) 
(«) 
(«) 
(«) 
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haum,  cit\ — Coutlumnl. 


I 


Dat«. 


.je 


March  3  . . 
March  4  . . 
March  5  , , 
Marrh  ft  ., 
March  7  . . 
March  8  .. 
March  &  ., 
March  10  _ 
March  11  . 
March  12  . 


iwS^. 


6.65 

7.68 
7.52 

tL40 

ia.62 

8.03 


DtedwrKS. 


(«) 

id.Odo 


Wi3st  BriuiL-ll  at  Wll^ 


hc^lglit. 


7.5 
19.0 
16.5 

7.4 
17.4 
1S.5 

II,  >< 
7.« 
A.n 


j  EHanharK^. 

36.300 
130,100 

104.  mw 

37.300 
S5,70a 
115.000 
72.  mx* 
4L4(H) 
26,1)00 


port.  P». 


OiftKe 


h9t[ 


7.3 

13.  fi 

^.Q 

0.0 

u.o 

10.  a 

7.2 
6.  It  ' 

A.  (I 


Disdoif* 


16,1^ 

37.7TJ$ 

0O11M 


'  Nfit  i'otDpiJted  on  ai^eounl  of  to«  jrari;fi.l| 

The  mairiaiiiiii  daily  gage  hei^^t  attained  at  ^e  gt^tpsng  station  at 
Binghamton,  K.  T.,  during  this  flood  is  seen  from  the  table  above 
to  be  13.6  leet  on  Mardi  9.  This  is  4  feet  less  than  the  recorded  flood 
of  this  river  at  this  place,  so  that  the  stage  was  only  that  of  an  ordi- 
nary flood  at  this  place.  Little  damage  was  caused  in  this  part  of 
the  drainage  basin* 

The  maximum  daily  stage  attained  at  the  gaging  station  on  the 
Juniata  at  Newport  is  seen  from  the  table  above  to  be  14  feet  on 
March  8.  This  stream  frequently  attains  a  stage  of  15  feet  or  more 
at  this  place  during  floods,  so  that  this  flood  was  of  only  ordinary 
magnitude  at  this  place. 

At  the  Williamsport  gaging  station  on  West  Branch  the  maxi- 
mum daily  stage  was  19  feet  on  March  4  and  17.4  on  March  8.  This 
station  has  been  in  operation  only  about  three  years,  but  during  this 
period  a  maximum  stage  of  21  feet  has  been  recorded. 

The  maximum  daily  stage  reached  during  this  flood  at  the  gaging 
station  at  Wilkesbarre  was  26.3  feet  on  March  9.  This  is  3.5  feet  less 
than  that  attained  by  the  great  flood  of  1869 ;  the  stage  on  March  9  dur- 
ing the  ice  gorge  was  30.5  feet,  however.  It  is  seen  from  the  table  that 
the  stage  at  this  place  was  23  feet  or  more  for  three  consecutive  days. 

At  Harrisburg  a  daily  stage  of  22  feet  was  reached  on  March  5 
and  21.2  feet  on  March  8.  Twice  in  the  past  thirteen  years  these 
stages  have  been  exceeded.  On  March  29,  1895,  it  was  26.6  feet,  and 
on  March  2, 1902,  it  was  23.9  feet. 

The  maximum  daily  stage  at  the  station  at  McCalls  Ferry  during 
this  flood  was  146.6  feet  on  MaxcYv  ^. 
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The  following  table  gives  the  maximum  height  above  low  water 
of  1900  of  the  flood  at  five  places  along  the  river: 

Flood  height  in  1904,  *»  feet,  above  low  water  of  Heptewher,  1900,(^ 


Date. 

Bfain  river  at 

McCallH 

Perry 

(4  p.m.). 

Main  river  at 

Harrisbtirgr 

(7  a.m.). 

North  Branch 

atWUkes- 
barre(8a.m.). 

West  Branch 

atWiUiams- 

port  (7.80 

a.  m. ). 

7.4 

18.9 

16.4 

9.1 

7.3 

17.6 

13.4 

9.7 

7.5 

6.4 

Juniata  River 

at  Newport 

(12m5T 

1904. 

March  3 

March4 

9.0 
9.9 
15.0 
15.0 
13.4 
33.6 
17.2 
17.4 
17.9 
18.6 

11.9 
13.5 
32.0 
19.4 
16.3 
21.2 
15.9 
15.0 
12.0 
9.2 

9.0 
11.2 
16.0 
14.9 
15.4 
26.8 
28.5 
24.0 
21.9 
19.9 

4.4 
10.7 

March  5  _     

March  6 

March  7 

6.1 
3.2 
2.7 

March  8 

March9 

March  10 

March  11 

March  12 

11.2 
7.2 
4.4 
8.2 
8.2 

Mazimnm 
height 
attained . 

«>38.8 

^23.3 

rf28.5 

M8.9 

*  Iloyt,  .7.  C.  and  Anderson.  R.  H..  Hydrography  of  Susquehanna  River  basin :  Water- 
Sup,  and  Iff.  Paper  No.  109,  U.  S.  Geol.  Survey,  1905. 

*  March  8,  4  p.  m. 
*^  March  4,  3  p.  m. 
*«  March  9,  8  a.  m. 
'  March  4,  7  a.  m. 

Note. — Maximum  heights  other  than  at  McCalls  r^rry  were  caused  by  backwater  from 
^lorges. 

The  following  table  gives  the  maximum,  minimum,  and  mean  dis- 
charge and  corresponding  gage  height  of  Susquehanna  River  at 
Harrisburg,  each  year  from  1891  to  1904 : 

Minhnuniy  maitimum,  and  mean  discharge  of  t^uRquehannn  River  at  Harrhhiirg, 
Pa.,  for  J891  to  I90.i,  inelusive.'^ 


Minimum. 

Maximum. 

Moan 

Year. 

Date. 

height.  1 

c£^Ke.  1             !>-. 

h?iX  I>i-^-Ke. 

dis- 
charge. 

j 

FWt. 

Se<\-/t.    ' 

Fvet.         Sec.-ft.     \  Sec.-/t. 

1891, 

October  4  to  7,  in- 
clusive. 

1.60 

10,200!  Febniary  19... 

19.00     334,500.  52,200 

1892| 

October  31  to  Nt)- 
veinber  8,  in- 
clusive. 

.  50 

1 
4,070,  AprilO 

14.65     224,200   37,250 

1 

1893. 

August  16  to  19, 

.35, 

3, 500'  May  6 

10.50     267,400 

40,550 

inclusive,  and 
August  25. 


"  Op.  cit. 
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^inhnvm*  mtiTimutn,  and  mean  ftf^char^r  of  tiu^queh&fina  River^  ffc. 


7<ttr. 


Minimnfli. 


imii  September 5  atitl  B  j      ,  2S 
18»0  October  80  ^d:J1 
mm  September5tol3.| 

18^7   Sept»mbeirl5tu)d 

October  31.        f 

IHim  Oct-ober  3  to  7  .  - . 
ISWl  Oetol>erS4and*3IS 
1£Oo!  Sapteinl errand 

HMjaj  September  33,  ai, 
and  25, 


October  7 

December  tl  .._. 

For  the  14 
years. 


t*  t^optaiab«^SH  and  aO.  IfiOO. 


'^  May  3».  ]H»ls 


TJio  flooil  at  MrC'all.s  Ferry  n^«U'Ii<)d  ti  innximuni  at  about  «^.Jo  p.  u 
on  Marcli  8,  for  a  sta<j:e  of  101.3  feet  above  sea  level  near  the  cable  oi 
the  Lancaster  side,  and  150.8  feet  on  the  York  side.  In  about  bal 
an  houi"  the  sta^e  had  fallen  from  li  to  3  feet,  and  on  the  morning  o 
March  0  it  had  fallen  to  15  feet  below  niaxinium  stage. 

A  disehar<2:e  measurement  was  made  at  the  cable  during  niaxiniun 
stage  by  Mr.  11.  H.  Andeison.  The  time  of  the  passage  of  cak&s  o: 
ice  lx»tween  two  cal)le.s  across  the  river  80  feet  apart  was  observed  ai 
various  places  across  the  stream,  and  the  surface  velocity  computed 
From  the  surface  velocity  aiul  cross  section  the  discharge  was  com 
puted  and  found  to  be  about  (>81,00()  cubic  feet  per  second. 

There  are  stneral  high-water  nuirks  of  the  flood  of  1889  along  th< 
railway  and  canal  near  McCalls  Ferry,  made  by  eyewitnesses^  of  thai 
flood.  These  marks  were  connected  by  level,  and  the  slope  of  th< 
surface  obtained.  Ten  sections  were  selected,  and  their  area  ant 
wetted  perimeter  measured.  From  these  data  and  a  value  of  ii 
the  coefficient  of  roughness  (0.05),  the  maximiun  discharge  at  thes« 
10  stations  was  found  by  Kutter's  formula  to  vary  from  713,00( 
to  780,000  cubic  feet  per  second,  the  mean  of  the  10  discharges  beint 
730,000  cubic  feet  per  second.  The  value  of  /?,  the  coefficient  o: 
roughness,  was  computed  from  current-meter  measurements  of  dis 
charge  at  this  place  at  a  lower  stage. 
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DAMAGE   DONE  BY   FLOOD. 

It  is  almost  impossible  to  estimate  the  damage  caused  by  this  flood 
on  Susquehanna  River.  The  estimates  made  by  the  newspapers  vary 
all  the  way  from  $2,000,000  to  $8,000,000.  The  greatest  loss  proba- 
bly occurred  from  Wilkesbarre  to  Sunbury,  Pa.  The  big  gorges  at 
Keppsrun,  Catawissa,  and  Nanticoke  caused  the  submergence  of 
large  areas  of  lowland  along  the  river.  Kingston,  Nanticoke,  Dor- 
ranceton,  Plymouth,  Pittston,  and  other  places  along  the  river  were 
partly  under  water.  Many  people  were  compelled  to  leave  their 
bomes,  into  which  the  water  poured,  filling  cellars  and  in  some  cases 
the  first  story  of  the  houses.  Blocks  of  ice  floated  down,  carrying 
away  fences  iind  porches  and  crashing  into  houses  and  causing  much 
damage.  The  basements  in  many  of  the  business  houses  were  flcKxled, 
and  goods  damaged  or  destroyed.  The  railway  tracks  along  the 
river  were  under  water  ifi  many  places,  and  the  depots  flooded. 
Great  masses  of  ice,  that  required  thousands  of  workmen  to  remove, 
were  piled  (m  the  tracks.  Several  bridges  across  the  river  were  de- 
stroyed or  badly  damaged  The  Catawissa  Bridge  had  three  spans 
carried  away.  The  Pennsylvania  Railroad  temporary  bridge  at  Sun- 
bury  was  destroyed.  The  Bandville  highway  bridge  was  destroyed, 
and  the  electric  light  and  coke  plant  at  that  place  was  forcexl  to  sus- 
pend work.  The  highway  bridge  at  Sunbury  and  that  at  Northum- 
l)erland  were  partly  destroyed.  The  highway  bridge  over  Catawissa 
Creek  and  several  other  similar  structures  were  destroyed  or  badly 
damaged. 

The  following  is  a  rough  estimate  of  the  damage  due  to  the  flood 
as  given  in  newspai)er  reix)rts : 

Davtaf/r  from  ftitod  of  tUOJf. 

Pottstown  to  Sunbury $«,  TiOO.  000 

Dauphin  County  & 275,000 

LnincaHter   County 275,000 

York   County  <• 200,000 

Cumberland  County 2U»,U)0 

Perry  County 200,0(J0 

Snyder  County 125,0rj0 

.luniata  County 100,000 

Maryland  County 100,  (KK) 

Total 7,975,000 

The  loss  and  damage  to  State  bridges  was  reported  as  $800,000. 

a  Of  which  .tl.rKKJ.OOO  to  $2,000,000  were  In  Wyoming  Valley. 

»  LoM  at  Mtddletown  almut  $100.(XH». 

'  Most  of  the  damage  occurred  at  Yorkhaven  and  Ticlnity. 


82  DBBTBTJOXIVX  FLOODS  IN  UNITED  STATES  IK   190A.       (»kUT. 

FBEVBNTION  OF  FUTURE  DAMAGE. 

This  flood  was  not  due  to  the  large  volume  of  water  flowing  in  the 
river,  but  to  ioe  gorges  in  it  The  precipitation  for  the  six  months 
prior  to  the  flood  was  below  the  normal,  and  the  melting  of  snow 
was  not  excessively  rapid.  The  ice  in  the  river  broke  up  in  January 
at  a  low-river  stage,  and  before  the  river  had  time  to  clear  itself  the 
temperature  fell  and  the  ice  collected,  forming  gorges  at  narrow 
places  in  the  stream,  river  bends,  and  islands.  Snow,  water,  and 
continued  low  temperature  added  to  the  thickness  of  these  ice  gorges. 
When  the  warm  rain  of  early  March  melted  the  snow  and  increased 
the  volume  of  flow  of  the  river,  these  gorges  held  the  water  back 
somewhat  like  a  dam  and  caused  the  overflow  of  lowlands.  When 
the  gorges  finally  gave  way  they  swept  away  everything  in  their 
path — fences,  trees,  buildings,  and  even  small  islands. 

There  does  not  appear  to  be  any  practicable  remedy  for  floods  due 
to  ice  gorges  on  streams.  It  is  almost  impossible  to  keep  an  open 
channel  during  the  winter.  Explosives  have  been  used  to  break  up 
an  ice  gorge,  but  the  stream  is  frequently  blocked  for  many  miles, 
and  if  the  gorge  is  broken  at  one  place  the  ice  soon  forms  at  another 
gorge  farther  down  thei  stream,  especially  if  the  temperature  is  below 
freezing.  The  only  remedy  is  to  remove,  as  far  as  possible,  the 
causes  that  stop  the  movement  of  the  ice. 

MOHAWK  BIVBR  FIX>01>,  NEW  YORK.a 

From  March  25  to  31,  1904,  there  occurred  a  flood  on  Mohawk 
River,  in  New  York  State,  which,  while  not  the  largest  and  most 
destructive  in  the  recorded  history  of  this  stream,  was  yet  sufficiently 
so  to  call  for  the  following  brief  description. 

STREAMS    AND   DRAIN A(;K   BASIN. 

Mohawk. River  is  the  chief  tributary  of  Hudson  River  and  drains 
an  area  of  3,490  square  miles.  It  rises  alx)ut  40  miles  from  the  east 
end  of  Lake  Ontario,  in  New  York  State,  flows  in  a  general  south- 
erly direction  a  distance  of  about  140  miles,  and  empties  into  the 
Hudson  at  Waterford. 

Its  principal  tributaries  are  East  and  West  Canadian  creeks,  which 
enter  from  the  north,  and  Oriskany  and  S(?hoharie  creeks,  which  enter 
from  the  south.  Re^ls  Creek  is  a  small  stream  that  enters  the 
Mohawk  from  the  north  near  Utica.  Starch  Factory  Creek  is  a 
comparatively  small  stnMim  that  enters  from  the  south  near  TTtiwi. 
Sauquoit  Creek  is  a  tributary  of  Starch  Factory  Creek. 

The  river  valley  has  generally  a  width  of  from  1  to  2  miles,  made 


•Prepared  mainly  from  data  furnished  by  Robert  K.  llorton,  district  hydrosrapher. 
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■E  up  of  rich  alluvial  meadow  land.  At  Little  Falls  it  cuts  through  a 
gorge  whose  walls  are  from  500  to  600  feet  high.  The  country  grad- 
*iially  rises  from  the  river  valley  to  the  hills,  attaining  an  elevation 
'of  several  hundred  feet  above  the  river.  On  the  north  the  hills  are 
'*  succeeded  by  an  elevated  plateau,  having  mountain  peaks  of  from 

*  2,500  to  3,000  feet  in  elevation  above  sea  level.    About  20  per  cent 
'  of  the  drainage  area  has  an  elevation  from  100  to  500  feet,  37 

'  per  cent  from  500  to  1,000  feet,  27  per  cent  from  1,500  to  2,000  feet, 
^  13  per  cent  from  2,000  to  2,500  feet,  and  about  3  per  cent  above  2,500 

*  feet.    The  part  of  the  drainage  basin  north  of  Mohawk  River  is  thickly 

*  forested;  that  on  the  south  is  mainly  deforested.  The  tributaries 
'  are  all  quick  filling,  having  a  comparatively  steep  slope  and  rapid 
'  velocity,  with  little  storage,  but  enter  the  main  river  at  points  a  con- 
-  siderable  distance  apart.    The  Erie  Canal  parallels  the  river  from  the 

mouth  to  a  few  mile^s  above  Rome,  and  is  supplied  from  the  river  and 
some  of  its  tributaries. 

The  following  table  ^  shows  the  slope  of  the  river  from  the  mouth 
to  Rome : 

Blope  of  Mohawk  River,  New  York. 


LocaUty. 

Distance 

from 

moath. 

Height 
above  sea. 

FaUper 
mile. 

Month  .                                                            

Maes. 

0 

4 

19 

42 

95 

112 

115 

F^t. 
12 
162 
214 
270 
393 
418 
431 

Feet. 

Lower  aqueduct  (faU  nearly  aU  at  Cohoee) 

Schenectady 

Month  of  Schoharie  Crtek 

TTirpfi  TTiilAR  p?iRt  nf  TTticsi 

87.5 
3.5 
2.4 
2.3 

Fonr  uiileH  east  of  Rome 

1.5 

Iti'irnfi,  ahovft  fpfwlpr  flam 

4.3 

F'ig.  2  shows  the  principal  streams  of  this  drainage  basin;  also  the 
precipitation  lines  and  gaging  stations. 


PRECIPITATION    AND   TEMPERATXTRE. 

From  the  precipitation  lines  on  fig.  2  it  is  seen  that  the  mean 
annual  precipitation  in  this  basin  varies  from  about  40  to  55  inche,s. 
The  precipitation  for  the  six  months  preceding  this  flood  at  four 
places  in  the  drainage  basin  is  given  in  the  following  table,  which 

«  Water-Sup.  and  Irr.  Paper  No.  44,  U.  S.  Geol.  Survey,  1901,  p.  15. 
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^also  gives  the  monthly  exctuss  or  d<^ficiency  at  Albany  and  the  acca* 
mulattjd  deficiency  there  for  the  period  in  qiie^ion: 

precipitation  in  Mohawk  Hfi;er  water$he4,  Oct,,  1903^  to  Mar.,  1$0^. 


PlM». 

Got. 

Hot. 

Beo. 

3mb^ 

Feb. 

Miur. 

IbW. 

Albany: 

Variation  frum  ncrmal 
Precipitation    . 

+  2.50 

5,00 
fl«89 

7.W 

+  1.»0 
l.f^ 
l.»5 
3,10 
8,11 

-hKlO 
1.69 
2.10 
2.33 

&.9d 

-0.04 
2.51 
3.74 
3.33 
5.27 

1. 17 
1.91 
2.28 
2.55 

-0.70 
1.94 

3.17 
3.38 

-  3,ft 
14.«$ 

A  TIlH^Ji^TVljltll 

19.JSI 

Little  FallB ._. 

1S».^ 

Rome ^-_. ^, 

25.54 

lltyXX  :  d^ntDwef  «hav  t^fil  aittn 
flsnuml  TftftifkH  aA  Isterrali  of 


^ 

e 

1     ■■ 

FEET 

F 

— 



400 

Sea 

Level 

— - — . 
Bwhan 

^ 

100 

^ 

I            ^ 

b         8 

»          a! 

>           1 

.    7 

Fig.  2. — Drainage  basin  and  profile  of  Mohawk  RIyer. 

It  is  seen  from  the  table  that  there  is  an  accumulated  deficiency 
at  Albany  for  the  six  months  of  2.6  inches.  The  snow  accumulation 
of  the  winter  attained  a  maximum  measured-water  equivalent  of 
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7.42  inches  at  Utica  on  March  7.     This  gradually  decreased  to  5.92 
inches  of  water  in  the  form  of  snow  on  March  21. 

The  temperature  and  precipitation  immediately  preceding  the  flood 
are  shown  in  the  following  table : 


Prrcipitation  and  temperature  on  Mohawk  River  watershed,  March  22  to  21, 1904, 


DaU^. 


UtUe  FallB. 


March  22  _. 
March  23  , . 
March  24  .. 
March  25  . . 
March  26  . . 
March  27  . . 

Total 


RainfaU. 
Jiiches. 

0.00 
.71 
.00 

.m 

.18 
.00 

1.24 


Mean  tem- 
I)eratTire. 


-|- 


'^F. 


U 
88 
34 
43 
42 
36 


Rome. 


RainfaU. 

Inches. 
0.30 
.00 
.00 
.20 
.38 
.00 

.83 


Mean  tem- 
perature. 


"K 


37 
38 
34 
46 

4' 
32 


DISCHARGE. 

The  rise  in  temperature  on  March  25  and  2B,  as  noted  above,  caused 
11  flood  of  considerable  magnitude  owing  to  the  rapid  melting  of 
snow,  although  but  little  rain  fell. 

The  total  discharge  and  the  discharge  per  scfuare  mile  of  Mohawk 
River  at  Little  Falls  during  floods  of  1001,  1002,  and  100-1  are  given 
in  the  following  table : 

Flood  dlHchargc  of  Mohawk  River  at  Little  Fallff,  N.  Y. 
[I)ralna;?e  area,  1..S06  square  miles.] 


Date. 


1901. 
Decemljer  13  . .      .   . 

December  14  _     . . 

December  15    . 

Deceml)er  16  .    . 

December  17 . 

Deceml>er  18 . 

December  19 

December  20 


7a 

m. 

5p 

m. 

Sotr<>iid-ftM?t. 

Second-feet 

piT  HQuare 

milo. 

Se<»nd-fe«»t. 

Swond-feet 

per  HQuare 

mile. 

4,818 

8.69 

4,818 

3.69 

6,648 

5.09 

18,2S4 

14.01 

21,628 

16. 57 

21.628 

16.57 

28.5()0 

21.88 

21,420 

16.41 

11,108 

8.51 

9,015 

6.91 

6. 294 

4.S2 

5.  269 

4.04 

4,849 

8. 88 

8,912 

3.00 

2,365 

1.81 

1,930 

1.48 
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Fi4)od  di^ehtirsfv  of  Xtohatrtc  Rivt'r  at  Litihj  FuUtt,  N,  V,— C.outJiJU^L 


7p. 

m. 

fiPwIfi.                    fl 

Dftt«. 

Setumd-feHt 

Second-f^ei. 

L4ol 

1.11 

1,732 

J 

FelKTUJiry  3S_^^ ,__^^^^4hi*- 

2,;j83 

i.m 

4,478 

1.41 

March  1_ 

11.3156 

.          8.63 

15,356 

n.% 

MarcliS ._ . 

38,ija5 

31. 8S 

38,505 

10,10 

March  3.  , .„,,,, ...,., 

3.%  008 

19.33 

31,693 

March  4                          ,.          ...*^.. 

19.99H 
U,3S0 

ir>.  33 

13, 093 
11,155 

i^M 

March  5.,. _..._-......_.,.--*   . 

4Ji 

March'fl.,, -*--,- -^ 

7,848 

6.01 

7,470 

MarvhT-..,-.-, ., _, 

6.40d 

4.»0 

5,  axs 

MftTthS _ _ ^.  , 

4.g89 

a.  74 

4,889  1 

3. 74 

1904. 
March  19.. ..-._— . ,^^„ 

3,030 

l*5o 

2,038 

tm 

March  30, ...... ^.^    -   , 

3,071 

3,  fm 

1,58 
1.8! 

3,359 
3,588 

tm 

March  31,. „  —  __. _. ._, 

Manjh32 ...,_ 

3,6S7 

3.17  1 

3,^37 

11: 

March  2a , .__ 

4,149 

3,  IS 

5.  731 

t^ 

March  24 . 

6,673 

5,11 

7,579 

HM 

March  25 

9,a3J 
30,330 

^*  33, 930 

7,  14 

13, 497 

^X 

March  2tt_ 

15,46 
<U7.55 

*24,730 

h]^.m 

3(1,  030 
'^37,230 

33, 130 

30.  H$ 

M^rch  27.  ,..-.-...,.*-„--„ 

32,120 

16.94 

MarchSS 

16,^90 

13.70 

16.090 

12.  S3 

March  2fl._ ,.,_ 

11,197 

8,58 

If),  767 

8J7 

MaTch3€ .._  ....._ 

0,288 

7.13 

e.63 

8,«a5 
8,083 

5.1* 

March  31 

*  10  a.  m. 


*  IT  p.  m. 


'  7  p.  m. 


The  latest  flood  lasted  from  Mnrch  25  to  31,  attaining  a  maximum 
OB  March  2i\  (jf  20.84  cubic  fet^t  per  si^concl  per  tiquare  mile.  , 

The  discharfje  of  thn?e  small  >:t reams  near  Utica  during  tliis  flood  j 
art'  given  in  the  following  table: 
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Date. 

Time. 

Second- 
feet. 

Second-feet 

per  square 

mile. 

MftTTih  n 

8  a.  m-            -.     - 

0.357 

2.07 

15.24 

14.90 

5.10 

13.27 

12.33 

66.80 

43.06 

12.01 

2.67 

1.05 

1.05 

0.302 

5d.  m. 

1.75 

MaTi:h23 

8  a.  m 

5  D.  m 

12.87 
12.62 

Mftrnli  24 

8  a.  m-  - - 

4.32 

March  25 

5  p.  m 

7.30  a.  m 

11.26 
10.42 

5  p,  m                                                       

56.58 

"Marf^h  9« 

8  a.  m                               

36.51 

5.30  p.  m                    

10.16 

March  27 

8  a.  m 

5  D.  m 

2.26 

.889 

March  28.     

8  a.  m 

.889 

STARCH   FACTORY  CREEK  NEAR  NEW  HARTFORD.  N.  Y.« 
[Drainage  area,  3.4  square  miles.] 


.1. 


March  21. 

March  22 ^  8  a.  m 

5  p.  m 
March  28 8  a.  m 

6  p.  m 
March  24_. |  7  a.  in 

6  p.  m 
March  25 


March  36. 
March  27.. 
March  28.. 
March  29. . 
March  30. 
March  31. 


3.38 
10.35 
61 
63 
65 
128 
128 
372 
315 
128 
48 
32 
19.5 
19. 5 
14.5 
21 

14.5 
29.5 
19.5 
32.3 

•*  Not  including  Oraefenbcrg  diversion,  which  is  estimated  at  0.25  second-foot 
mile. 


7.30  a.  m 

6  p.  Ill 

7.30  a.  m 

6  p.  in 

8  a.  m 

6  p.  m 

8  a.  m 

6  p.  m 

8  a.  m 

6  p.  m 

8  a.  m   ... 

6  p.  m 

8  a.  m 

6  p.  m 


0.847 
0.994 
3.043 
17.934 
18. 522 
19.11 
37.63 
37.63 
109. 368 
92.61 
37.632 
14.112 
9.408 
5.733 
5. 733 
4.263 
6.17 
4.26 
8.67 
5. 73 
9.50 
per  square 


S8 


DESTBUCTrVE    FLOODS   TN    UNITED   STATES    IK    ISOl, 

Re(mr4  nf  ftfjfut  tiim*hurffr,  iM4 — CoiitJuucHj. 
BTARCH  rACTOaf  CEltEK  NEAR  XEW  RARTFOftD,  N,  Y. 


JM». 

rime. 

April  1. .-„,._ 

8  a,  m.    .****. 

1&.5     1 

4fl 
48 

April  3 ... 

Sp.  m — .,__„,„. 

7a«  m .„-. .,,*-_. -. 

6  p*  m. ,,.»_.  ......^              ^  ^._ 

HEELB  CHEER  AT  BEEEFtBLD,  19.  Y.                            1 

Marches , 

8.72      1 

11L  4S 
49.8 

la-i.y  * 

I7t*.  7 
S14..S 
ITU.  5 

18S.  3 
41K  tf 
33.6 

30.  5 

Marches ..| 

March  M,.-.... 

March  2J5-..._. 
March  m 

7  a,  ai .  - 

Tt  p.  m *^,  .-*-_^.*._^_^^.^... ^^^ 

7  a.  m  - ......  ....... 

MMi;h27_.„     _ 

5  p,  m-   

7a.  m ._ „^ __, 

6t>.  m                      .........         ...... 

March  38 

MapGhSS ... 

7  a.  in. . .       

March  30 

Thp  very  larjarc  (lis<'hnrge  of  t00,rr2  *?econd-feet  per  square  m 
Stan.'h  Factory  Cn:i*k  at  iy  p.  iii,  ni\  Miwvh  2^y  i^  worthy  of  sj 

Till'  fullowiiipr  ttil^lf  ^ivt^s  th*^  ilischar^i*  at  maximum  stn^  a 
Moliawk  and  its  siiiall  tributiiries  during  this  flood: 

liiHf  harff*^  iff  Mfffmirk  Uirrr  ant!  IvihtiforivH  XUirvh  2-1  rttff/  26,  J9(Ly. 


Strf'ilTii. 


ThiK*  of  iiinsimum 


Mnhuwk  River  at  Rome  **  ...  Marrh  2*1*  p.  m 

OriwkaTiy  <  'rt*k  ut  <  )rimkiiijy  .  M^rfh  2^,  5  p,  lu  _ 

Samfiioit  Crtiek  at  K*?w  York  Mills. '  March  156 ,  11  a.  m . 

Starch  Factfjry  Creek  uear  Utira  .  March  2.'i,  0  p.  m  _ 

ReelH  Creek  jit  Deerfield !  March  *M,  il  p.  m  _ 


DraitiAge 


SylvaTi  Glen  Creek  near  Utica. 

Budhiiij^  t -reek  Hear  ITtica 

Mtihnwk  River  at  Little  Falls  . 


March  35,  5  p,  in  ,. 
Man.'h  2ri,  p,  ni  -_^. 
March  2*J,  p.  m 


15J^ 

144 

"j3 

a.  4 

4.42 
1,18 

1.13 

i,ati6 


Mnsi 

mnm  din- 
chnrji**  iti 


4,iK»0 
4  J  TO 

373 

214.3 
60.8 
130.4 
37,2<K> 


a  At  StaUMiam. 
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It  is  seen  that  the  maximum  discharge  of  the  small  streams  oc- 
curred March  25,  and  the  maximum  discharge  of  the  main  stream 
did  not  occur  until  the  evening  of  the  26th. 

The  following  table  gives  the  discharge  of  the  Mohawk  at  Little 
Falls  during  the  floods  of  February,  1891,  December,  1901,  March, 
1902,  and  March,  1904; 

Flood  discharge  of  Mohawk  River  in  1891,  1901,  1902,  and  190^. 


Date. 

Second-feet. 

Seoond-feet 

February,  1891 .  

26,260 

26,280 

«  28, 500 

27,200 

20.7 

December  16, 1901 

.     20.7 

M?irr»h  2.  1902 

20.7 

"Miirr.h  2ft,  IftAd 

20.8 

*  Revised  computation. 


The  principal  i*esults  of  the  1901,  1902,  and  1904  floods  of  Mohawk 
River  are  summarized  in  the  foUowing  table : 

Summary  of  Mohawk  River  floods  of  1901, 1902,  and  190^. 


Year. 


1901 
1902 
1904 


Period. 


December  13  to  20 

February  27  to  March  8. 
March  19to31 


Duration 
in  hours. 


Mean  seo- 
ond-feet per 
square  mile. 


179 
224 
336 


Total  discharge 
during  flo(^ 
in  cuDic  feet. 


7,287,454,976 

9,591,264,000 

10,183,289,472 


The  rei^iilts  obtained  on  the  small  streams  near  Utica  during  this 
flood  are  summarized  in  the  following  table : 


Stu/nnar}/  of  small-streams  discharge  during  flood  of  IDOJf. 

I        r 

•Drain 


Duration  of  freshet. 


Stream. 


8tar<;h  Factory  ,                              , 

Creeka 3.4()  '  Marcha? I  March  29 

Reel»  Creek 4.42  I  MHr»!h24.ii()on.>  March  29, noon . 

Sylvan  Glen  Creek. '  1. 18  i  March  22,  noon.  I  March  27,  noon. 


Days. 


Aver- 
age dis-, 
^harfce , 

in 
second- 
feet 
per 
stjuare 
mile. 


29.92 
19.06 


Total  yield  during 
freuhet. 


Inches 
run- 
off. 


I. 


8.67 
5.56 
3.55 


Gallons. 


512,278,000 
4(17,230,000 
72,570,000 


«  Including  vlraefenberg  diversion. 


The  maximum  discharge  of  West  Canada  Creek  during  this  flood 
occurred  on  the  afternoon  of  March  27,  and  was  7,0()8  cubic  feet  per 
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stK^ond,  or  21  cubie*fect  per  second  per  square  mile,  at  the  gaging 
Htatioii  at  Twin  Rocks  Bridge,  this  being  fur  lieloT^^  the  ix^corded  flood 
maximuin  of  this  stream.  The  cause  of  this  flood  of  Msireli  2fi  an 
the  upper  Mohawk  was  upparently  the  rapid  iiieltifig  of  snow  on  the 
watershed  from  Rome  to  Little  Fitlls,  togi*lher  with  ice  blockatU»s  m 
the  river.  A  drop  in  teniperature  on  the  2Tth  eh€*cked  iht*  ni(>id 
melting  of  snow,  and  the  flood  rapidly  subjiided. 

DAMAGE  DONJi;    BV    FLOOD, 

The  damage  done  consisted  mainly  in  the  fhjoding  of  all  lowlands? 
along  the  river,  of  cellan^,  hon^s,  and  in  Home  eases  the  baisenient^  vf 
biisineKs  places;  and  in  the  deh*y  or  istopimge  for  a  short  time  of 
railway  traffic  on  the  New  York  Central  Railroad  and  street  rail- 
road.^ of  some  of  the  citiei^  along  the  river.  In  some  places  iilung  lln* 
river  ice  gorge*?  formed  and  flooded  large  areas.  One  of  thesi*  wa.*  at 
Akim  Almost  the  whole  of  the  village  of  Fort  Hunter  w*as  flooded 
by  this  ice  gorge, 

OHAKB  BIT^R  FI.OOD,  MICHIOAX-^ 

From  March  20  to  April  8  occurred  the  largi^^t  and  mo;^  destrur- 
tive  flood  in  the  i*eci>rdeil  Iiistory  nf  thi?^  stn^ani,  and  in  all  probability 

the  la rgest  i  n  thia  d ra  i n a ge  1  )a  s \  n  f o r  a  f -ei 1 1 1 1  ry . 

STREAMS   AND   DRAINAGE   BASIN. 

This  is  the  largest  river  drainage  basin  in  Michigan,  comprising  an 
area  of  5,570  square  miles,  draining  into  Lake  Michigan.  It  is 
nearly  oval  in  shape,  has  a  length  of  135  miles,  and  a  maximum  w^idth 
of  70  miles.  It  slopes  rapidly  for  about  half  its  length  from  an 
elevation  along  its  eastern  rim  of  about  400  feet  above  Lake  Michigan 
toward  the  west  and  toward  the  river.  Its  lower  half  has  a  very 
slight  slope  and  contains  some  flat,  highly  permeable  land  with  lakes 
and  ponds  having  no  outlets.  Fig.  3  shows  the  stream  and  its  tribu- 
taries, the  gaging  and  precipitation  stations,  and  a  profile  of  the 
river  from  the  mouth  to  Jackson,  a  distance  of  about  210  miles.  From 
the  mouth  to  Ionia,  a  distance  of  81  miles,  the  average  slope  is  only 
O.G  foot  per  mile.  From  Ionia  to  Jackson,  130  miles,  the  slope  is 
2.3G  feet  per  mile. 

The  three  principal  tributaries  above  Ionia  are  Red  Cedar,  Look- 
ing Glass,  and  Maple  rivers,  all  entering  from  the  east  a  considerable 
distance  apart.  The  three  principal  tributaries  that  enter  below  Ionia 
are  the  Thornapple  from  the  south  and  the  Flat  and  Rouge  from  the 
north.    These  three  enter  within  a  distance  of  less  than  18  miles,  in 

*  Prepared  mainly  from  data  furnished  by  Robert  E.  Horton,  district  hydrograpber. 
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which  the  slope  is  only  0.6  foot  per  mile ;  they  have  a  marked  effect 
upon  the  flood  conditions. 


PRECIPITATION    AND   TEMPERATURE. 


The  monthly  precipitation  at  five  places  in  this  drainage  basin  for 
the  six  months  prior  to  this  flood  is  .shown  in  the  following  table, 


Fig.  3. — Drainage  basin  and  profile  of  Grand  River,  Michigan. 

as  are  also  the  monthly  excess  or  deficiency  and  the  accumulated  de- 
ficiency at  Grand  Rapids  for  the  six  months: 

Precipitation  in  Grand  River  basin,  October,  1903,  to  March,  190^, 


Place. 

Grand  Haven. 

Grand  Rapids  . 

Hastings 

Lansing 

Jackson 


0(!t. 

[nrhes. 

1.04 

I  2.31 
1.55 
1.99 
1.48 


Nov. 


Inches. 

1.24 
-2.6 
.85 
1.57 
1.45 
1.43 


Dec. 

Inches. 
1.31 

-..«  j 

2.29 
1.98  I 

2.06  \ 

2.07  '■ 


I 


Jan. 

Feb. 

Mar. 

Total. 

Incliej*. 

Inches. 

Inches. 

Inches. 

0.78 

0.80 

2.16 

7.33 

-1.5 

-    .8 

-12.00 

-3.9 

1.47 

1.78 

«4.39 

13.09 

2.23 

1.70 

5.05 

14.08 

2.82 

1.53 

(') 

2.80 

2.60 

3.72 

14.05 

«» The  depth  of  snow  at  firund  Rapids  March  20  was  1  inch. 
*  The  depth  of  snow  ut  Lansing  March  6  was  20  inches. 
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Inro^itr. 


It  is  seen  that  then^  was  an  excess  of  2  inclies  in  March,  but  i 
deficiency  of  ^*0  iiichc.*?  for  i\w  six  months  OctobtT  to  March.  Tlie 
diiily  tcuiip*?ratiu'e  and  prt*cipitation  during  the  flood  are  given  in 
the  following  table: 

Bailjf   prt^H'pituiUm   an^   tempers  turf   nt   Grand   Ritpid»   and    I^nnMing.   HitK. 

Mfirth  m  to  ^.H,  nw^. 


\ 


Onuiid  BapldB, 

Ij^tlMfflg-, 

Date. 

tlOtt. 

tore. 

Tflmpon- 

toi* 

ht^. 

■'F, 

inch 

'K 

March  32  ..___,._.  .__.__„„ 

*0*43 

43 

0.00 

m 

March  23 

.00 

40 

,00 

^ 

Man^h  24  ..,-...   ,, 

jm 

48 

.B4 

m 

March  25  ,._ 

.66 

4.^1 

.S2 

m 

March  26  .__,__.. ,..^ 

.07 

2^ 

20 
28 

T. 

.00 

SI 

March  27     ...   <--.,.   --,...,,.,,,. 

w 

March  28 ... 

m 

It  is  seeti  that  this  flood  \\n^  caused  by  a  moflerate  ininfall  in  con- 
junction  with  melting  snow,  duo  to  high  temperature,  ^ 

GAGE   HEIGHT   AND  DISrHAROE, 

The  gage  height  and  corresponding  discharge  at  the  gaging  sta- 
tions at  Grand  Rapids  and  Lansing  during  this  flood  are  given  in  the 
following  table : 

Mean  daily  gage  height  and  discharge  of  Grand  River,  Michigan,  March  20  to 

April  9,  190J,. 


Date. 

Grand  Rapids.a 

LftDsiiig. 

Gage. 

Discharge. 

Gage. 

DiBcharge. 

March  20 

Feet. 

9.20 

9.30 

10.65 

11.45 

15.60 

/       18.01 

Sec.-ft. 
16,700 
17,000 
19,500 
21,400 
30,300 

I         OK     QAA 

F^et. 

Sec'ft. 

March  21 

6.60 

7.80 

11.89 

13.78 

16.65 

2,840 

March  22 

3,930 

March  23 

9,780 
14,560 

March  24 

March  25                                                .   . 

20,300 

\     (18.09);/    •""""" 

a  From  Lyman  E.  Cooley,  C.  B. 
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Mean  daily  gage  height  and  di^harge  of  Grand  Hirer,  I^iehigan^  J^areh  JifO  to 

April  9,  1904— Continued, 


D»te. 

Grmnd  Rapids. 

Qmge.        Discharge. 

March  26 

Feet.             Sec.-ft, 
(19.  an)       87,800 

Lansiug. 


March  27 
March  28 
March  29 
March  30 

March  31 
April  1... 
April  2... 
April  3..- 
April  4. . . 

April  5 

April  6... 
April  7--. 
Aprils.  .- 
April  9_. 


!/      19.50  X 
\    (19.75)/ 


19.50 
(19.75): 

19.20  '\ 


(19.86) 

18.13 
(18.22)/ 

16.75 

(16.77) 

15.40 
14.45 
18.80 
18.80 
18.80 
12.80 
11.20 
10.50 

9.55 

9.40 


89,400 
88,500 
86,000 

32,900 

29,900 
27,800 
26,800 
26,600 
26,600 
24,500 
20,700 
18,800 
17,400 
17,200 


age. 

Discharga. 

fWf. 

Shu'/I, 

18.02 

28,040 

16.05 

19.100 

14.05 

15.100 

12.80 

12,600 

10.86 

11.07 

11.75 

11.40 

11.10 

10.55 

8.95 

8.22 

7.70 

7.38 

7.55 


8.720 

9,140 
10,500 
9,800 
9,200 
N,100 
6,920 
4,880 
8,880 
3,520 
3,680 


Figures  in  parentheHes  are  elevationH  ('orrocted  for  tho  flow  which  phhhihI  arroNn  (he 
west  aide  and  entered  the  river  about  .1.4  mileH  below  Fulton  Htroet  ;  they  iir«  uwhI  In  the 
volume  equivalent. 

The  flood  at  Grand  Rapids  lasted  from  Miircli  21  t^)  April  H,  readi- 
ing  a  maximum  on  March  27,  with  a  gage  height  of  n).7r>  feet  and  a 
discharge  of  39,400  cubic  feet  per  st^cond,  or  H.()4  (tiihic  fe<^t  pc»r  H<^(!ond 
per  scpiare  mile.     For  five  days  the  gag(^  reading  was  IS  fcM't  or  more. 

The  flood  at  Lansing  reached  a  maxrtnnm  on  March  20,  otu*  <hiy 
earlier  than  at  Grand  Rapids.  The  maximum  daily  flow  at  Lansing 
was  18.7  second-feet  [x»r  sfjuare  mile,  which  is  alniut  2.JUi  times  gieater 
per  square  mile  than  that  at  Grand  Kapids,  and  yet  the  area  over- 
flowed and  the  damage  done  by  the  flood  at  Cirand  Rapids  was  much 
greater  than  at  Lansing,  due  to  thf»  difference  in  nipirlity  of  flow. 

The  flood  profile  of  this  river  is  shown  in  fig.  I>,  anri  the  h('^ight  of 
the  flood  above  danger  line,  as  shown  by  gagen  along  the  river,  is 
given  in  the  table  following. 
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Flood  profile  of  Grand  River,  Michigan,  1904. 


Flaoe. 


Ghrand  Rapids 

Ionia 

Portland 

Orandledge... 

Lansing 

Eaton  Rapids. 


bSSI^ 


SO.  45 
27.56 

14.44 

14.10 

19.45 

9.90 


mhofwdtn- 


JPbcf. 


«.: 

3 

S.9 

7.9 

8.6 

17 


It  is  seen  that  the  stage  was  from  7.9  to  9.7  feet  above  the  danger 
line  at  Lansing,  Grandledge,  and  Grand  Rapids. 

DAMAGE  DONE  BY  FLOOD. 

At  Grand  Rapids  the  river  began  to  overlSow  its  banks  on  the 
evening  of  March  24,  and  the  water  did  not  return  within  the  banks 
of  the  river  until  March  31.  More  than  1,500  houses  were  flooded, 
the  west  part  of  the  city  for  a  width  of  several  blocks  being  over- 
flowed to  a  depth  in  places  of  5  feet.  The  city  gas-light  plant  was 
cut  off  by  the  water  and  the  city  was  without  light  for  several  nights. 
Ten  thousand  employees  of  the  various  industries  along  the  river 
were  thrown  out  of  work. 

Tho  following  extract  from  one  of  the  Bay  City,  Mich.,  news- 
paj)ers  describes  the  flood  conditions  in  Michigan  on  March  31 : 

Tlio  flfKMls  in  Michigan  are  the  worst  sinco  1887.  Ix)wland8  are  everywhere 
oonipletely  under  water  and  roadn  are  in  most  cases  flowing  streams. 

Xmncroua  dams  have  been  washeil  out  or  so  badly  miderniined  as  to  l)e 
practically  ruined.  Bridges,  both  railroad  and  highway,  are  in  the  same  condi- 
tion. Uailroad  trattic  has  been  stopiKMl  entirely  on  account  of  washouts  t>f 
bridges  or  sections  of  track.  Factories  have  been  jmt  out  of  business  by  wat«»r 
rising  in  their  basements  sufficiently  to  put  out  their  fires,  and  several  cities  an? 
in  darkness  because  of  a  similar  condition  of  affairs  in  their  lighting-plant 
I)ower  houses. 

Stores  in  the  business  portion  of  cities  are  basement  full,  and  In  many  «ises 
the  water  is  flowing  through  them  on  the  ground  floors.  Many  families  have 
been  forced  to  leave  their  homes. 

The  damage  will  l)e  something  enormous,  both  in  the  actual  destruction  of 
property  and  in  the  stoppage  of  business.  No  figures  can  be  given,  but  it  ii» 
conservatively  estimated  that  the  loss  will  run  into  the  millions. 

PREVENTION    OF  FUTURE   DAMAGE. 

Destructive  floods  may  occur  on  this  river  from  the  rapid  melting 
of  a  comparatively  small  amount  of  snow,  accompanied  with  a  not 
excessive  rainfall,  the  small  slope  of  bed  of  the  stream  from  Grand 
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Rapids  to  Lake  Michigan  (about  0.6  foot  per  mile)  being  insufficient 
»  carry  off  the  water  as  rapidly  as  it  comes  down  from  the  upper 
p^atershed.  The  remedy  for  the  consequent  overflow  consists  in 
jiving  the  stream  an  abundant  unobstructed  waterway  and  using 
evees  where  the  benefits  derived  from  them  will  justify  the  cost  of 
;heir  construction. 

WABASH  RIVER  FliOOD,   INDIANA. 

By  F.   W.  Hanna. 

STREAMS  AND  DRAINAGE  BASIN. 

The  drainage  area  of  Wabash  River  covers  the  major  portion  of 
;he  State  of  Indiana  and  a  considerable  territorv  in  eastern  Illinois. 


Fig.  4. — Drainage  basin  of  Wabash  River. 


[n  shape  it  resembles  a  huge  fan,  the  axis  of  which  lies  along  a 
straight  line  connecting  its  mouth  with  the  town  of  Wabash,  Ind., 
lear  its  source.     In  the  upper  course  of  the  river  the  right-hand  and 
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give.    The  zero  of  this  gage  is  Very  dose  to  low-water  mark  for  tl« 
river  at  this  plaoe* 

Miktimutn  pearly  t/age  heiffht  on  Wabash  Btver  af  Uoumi  Varmel^  lU^ 


D»te. 

heij^t. 

Date. 

mSi~ 

January  S,  188§-.., ,,_ 

Femt. 
24.7 
19.8 
2^.0 
20.  e 

24.1 
22,0 
21,5 
24.5 

la.e 

\                                         ' ► 

January  25, 1895 

All 

Mav23,  18§6 

July  29, 1896...., „ ^.._ 

Marohl3,1897..!. ,-.... 

iU 

March  14,1887, . 

2AA 

April  5, 1888.  -^  - 

M^T^b-^o^iftftg,     ^ 

27* 

June  19,  1889 . 

January  23, 18991 ..^-. 

Mairch  14, 1900 

ly  7^ 

January  14,  1800.... 

10.11 

Man*h2,  1891 _._.__ 

March  19, 1901_._.^<.,,,, 
December  25, 190Q  ,^,.     ,  ^,1 
March  12, 1903. 

IT.l 

Aprilia,  1892....._.,.___ 
May8, 1898.. „- 

Pebmary  16.  1894. 

April  2, 1904..,.., 

37.1 

Thet  movement  of  the  waters  of  thase  successive  storms  down 
Wabash  and  White  rivers  tow^ard  the  Ohio  can  readily  be  followed, 
in  a  general  way,  by  a  study  of  the  gage  heights  of  the  United  Stated 
Geological  Survey  records  at  Loganiiport,  Ind,,  on  the  Wabash,  and 
at  Shoals,  Ind**  on  the  e^st  branch  of  \^Tiite  River^  in  connection  with 
tho^e  of  the  United  States  Weather  Bureau  at  Mount  Carniel,  UL,  on 
the  Wabash,  below  thii  White,  llie  zero  of  the  Geological  Surv^-y 
gage  at  Logansport  is  about  1  toot  below  low-water  inark^  whih*  tlur 
zero  of  the  gage  at  Shotilw  on  White  Kiver  is  alMJUt  *j:^  feet  below  law 
water.  A  partial  list  of  the  gage  heights  from  March  1  to  April  2a 
is  appended  below: 

Gage  hei&ht  and  dUcharge  (thowing  proffreas  of  flood  at  Luuatmmrt^  BhoaU,  «ii 
Mmini  Cartnfil,  March  and  April.  t90J^, 


Date. 

Logi^iutporti, 

BhoalB. 

Mooai 
Carmd. 

height. 

Discharge. 

height. 

I>ischiu*Ke. 

h^!^ 

1904. 
March  1 

Feet. 
9.90 
6.20 
8.30 
8.10 
6.68 
6.85 

Sec,-rt. 
31,710 
14,880 
24,140 
23,220 
16,940 
17,670 

Feet. 
67.60 
67.70 
68.00 
74.40 
75.20 
78.40 
.       B7.1Q 

Scc.'ft. 

8.610 

8,860 

9,610 

25,870 

27,950 

36,270 

58,880 

Feet. 
10.50 

March  21 

15.50 

March  22 

March23 

15.70 
16.00 

March.24 

16.70 

March  25 

17.70 

March  26 

20.70 

so-, 
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ght  and  di^hargr  skouring  pn>ffre9^  of  /food  al  LogcH^port^  ifhouh^  ftiid 
Mount  Carmel  March  and  April  190^ — Ooutluueil. 


Date. 


1904. 


Qaffe 
beiSht. 


SboaK 


14.84 

13.  a5 

10.82 

7.50 

9.10 

12.22 

13.00 

13.10 

11.06 

7.65 

5.73 

4.88 

4.45 

4.70 

3.90 

2.60 


^*«»>»nr»-      bSSl 


Sec.-ft. 
56,880 
49,380 
33,840 
20,520 
27,880 
43,380 
47, 180  ! 


47,680 

37,430 

21,220 

12,940 

9,530 

8,220 

9,080 

6,400 

2,770 


fWt. 
87.70 
92.80 
95.20 
94.90 
93.40 
91.00 
88.80 
87.20 
85.60 
84.40 
83.40 
80.20 
73.20 
68.40 
66.80 
65.20 


DiM*!iiur|c«. 

Sec.'/t, 
60,450 
73.710 
79,950 
79, 170 
75.270 
69,030 
68,810 
59,150 
54,990 
51,870 
49.270 
40,950 
22.750 
10.610 
6.610 
2.820 


Mtmnt 


b«»lirht. 


21.90 
23.10 
24. 10 
25.50 
26.50 
27.  (H) 
27. 10 
26.60 
26.10 
25.60 
25.80 
25.20 
25.10 
24.60 
20. 00 
6.70 


DAMACiE   DONE    BY    FI/K)I). 

always  very  difficult,  if  not  entirely  impoHHiblo,  to  dot^nniiifU! 
lage  done  by  a  flood.  InconvfenieiuM;,  Huiferin^,  and  Iokm  of 
may  result  from  floods,  and  thew^  are  not  reducible  (o  inatbt*- 
statement.  Even  the  propi^rty  1osh<»h  are  difficult  to  entinuitis 
ons  not  entirely  ruined  are  s^>  danui^ed,  defaced,  or  npoiled  by 
making  as  to  take  away  the  joy  of  their  uw?,  if  not  their  prac- 
ility.  Various  attempts  have  U^en  nnide  fo  aHCi*rtairi  the 
of  damage  wrought  by  the  Wafmsh  fl<KKl  of  HKM,  through  the 
»s  of  county  conunissioners,  city  r:ouncilH,  and  railroad  officialn, 
ning  up  this  matter  the  Indiana[>oljs  NewM  of  March  M  nayn: 
<tiiii;ite<l  tlH»  daiXiJige  in  thin  county  wUI  n*ftt'U  $2,22r>^fffff  ntu\  ii/irth  of 
ity  an  adaitional  $  1  ,<J^J^Vj^JO.  KU'Vt'U  Wyttt  Unvt*  \h'4'U  Umt  Ut  Uw  IimD 
I  S4J  far,  iiinl  iUf,  totiil  \trtt\ft'Hy  Umn  In  flw  HttiU*  Uftm  Ix-^-fi  tmtUimitii 
psjftfujfiftf  to  $VK(ffffK(fifff.  At  SfHtUmtii  tli4*  rotwiy  t'ttuit$i\mUtiu*rn  #iifl 
♦•  Uriyi  to  brfrl^^es  at  $-4^Mi^i'i.  lit  WnttHnU  i'ottuty  flw  hmn  in  |«VMiriri, 
iiirh  i-  in  th*?  ^ity.  At  iVni  tJi^f  Umn  \n  $UftfJit0K  \U'\9tfr\n  from  fUf- 
that  th*i  lonr*  ;n  that  vicinity  wU\  U-  r/^tJ00K  lU^tfU  ttOtU  HUftrtuUtK' 
[lat  thf  k/--  irj  that  r-r/unty  wUI  Ur  V^f/Jf^h 

'.  147    *»r,  M        4 
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This  estimate  was  made  before  the  greiit  flaod  in  the  lower  Wabi.^  j 
region  was  creating  its  greatest  hnvoc  with  ^H  kirnk  of  property. 
Railroads,  mimicipalities,  highways,  farms,  in  fact  every  kind  of 
property  in  reach  of  the  waters — and  their  reach  was  high  and  wide- 
suffered  untold  damage. 

The  damage  to  the  railroads  throughout  the  entire  State  of  In- 
diana, and  especially  in  the  southern  portion,  was  very  great.  Many 
of  the  roads  on  portions  of  their  lines  were  unable  to  run  trains  ix 
nearly  a  week,  some  of  the  small  towns  not  being  able  either  to  re- 
ceive or  transmit  mail  for  several  days.  Trains  were  detoured  by  ill 
sorts  of  means  to  reach  their  final  destinations,  running  without  any 
hope  of  time  schedule.  Culverts  and  bridges,  not  only  of  railroada^ 
but  of  highways  as  well,  were  swept  out  by  the  rush  of  waters  throag^ 
waterways  insufficient  at  best  and  made  more  so  by  tremendous  od- 
lections  of  drift 

The  Indianapolis  News  for  Mardi  30  prints  the  following  estimatB 
of  damages  in  Indianapolis  to  engineering  works,  principally  bridges^ 
prepared  by  Mr.  Juep,  city  engineer: 

Damages  to  enffineering  voork9  a4  /fullaiiapoKa,  Ind.,  Marcht  1904. 

Bridges,  etc. : 

East  Tenth  Street  Bridge |8;(XXI 

Highland  Avenue  Bridge '. 7,000 

Dorman  Street  Bridge 7,000 

East  Ohio  Street  Bridge 8,000 

Capitol  Avenue  Bridge  and  repairs 15,000 

East  Michigan  street  repairs 1,500 

Washington  Street  Bridge,  Irvington 2,500 

Indiana  Avenue  Bridge  abutments 7,000 

Meridian  street  retaining  walls,  repairs  to  Barth  Avenue  Bridge, 

Indiana  avenue  and  Cottage  avenue  retaining  walls 5,000 

Grand  avenue  culvert 75 

Repairs  to  Liberty  Street  Bridge 50 

Henry  Street  Bridge 8 

Merrill  street  retaining  walls  for  sewers 25 

Merrill  street  and  Senate  avenue  bridges 200 

McCarthy  Street  Bridge 400 

Delaware  Street  Bridge  (new),  over  Pogues  Run 10,000 

Ray  Street  Bridge 300 

Additional  flood  walls  for  protection  of  bridges 4,000 

Levees  and  miscellaneous : 

Raymond  street 350 

Fall  Creek,  in  five  different  places 3,500 

Other  Important  Improvements  and  repairs  of  levees  along  White 

River 4,000 

Cleaning,  scraping  and  regraveling  streets  and  alleys 30,000 

Culverts  washed  out 3,000 

Repairs  to  block  pavement 10,000 

Cleaning  out  Pogues  Run  and  State  ditch 15,000 

Bepairs  to  sidewalks 6,000 
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vees  and  miscellaneous — Continued. 

I'roviding  floodgates  for  sewers $3,000 

Repairs  to  temporary  bridges  over  White  River 6,000 

Nortliwestern  avenue  tempnrnry  l>ridge 2,500 

West  Tentli  Street  Bridge 3,000 

Sewer  worlc  and  repairs  and  catch  liasins 5, 00C> 

For  drainage  of  flooded  districts,  cutting  levees,  and  relniilding 1,500 

Refilling  washouts  in  streets 1,000 

Totiil 168,  908 

Reports  from  other  parts  of  the  Wabash  territory  showed  that  the 
image  was  as  great  as  in  the  vicinity  of  Indianapolis.  The  count}^ 
iiiinissi oners  of  Daviess  County  reported  50  bridges  damaged  and  18 
tirely  washed  away  in  that  county  alone.  The  big  steel  bridge  over 
liite  River  at  Bloomfield  was  taken  out,  and  large  structures  at 
irious  other  phices  were  swept  away,  crippling  wagon,  electric,  and 
eam  roads  relentlessly. 

All  of  the  large  railroad  embankments  in  the  bottom  lands  of 
riiite  and  Wabash  rivers  were  especial  points  of  attack  by  the  waters. 
>wing  to  their  obstructing  nature,  a  head  of  several  feet  caused  such 
Bavy  pressure  as  to  start  percolation  and  ultimate  disintegration, 
-t  Hazleton,  on  the  Evanston  and  Terre  Haute  Railroad,  in  the 
►iver  ^\Tiite  River  region,  the  situation  was  serious.  The  following 
srtract  from  the  Evansville  Courier  of  April  1  is  not  only  illustrative 
?  this  point,  but  of  many  others  throughout  the  flooded  districts: 

Hazleton,  Ind.,  March  31. — Tiiree 'liundred  worlimen  and  four  dirt  trains  are 
►rking  niglit  and  day  to  save  the  l)ig  fill  north  of  Ilazleton.  The  heavy  rain 
^liiesday  night  and  the  continueil  Imcking  of  flood  water  on  tlie  upper  side 
tli<>  embankment  forc-ed  a  stream  of  water  through  the  fill  early  Thursday 
**iiing.  Thirty  thousand  sand  bags  had  been  piled  along  the  track  for  a  mile 
'inticipation  of  a  l>roak,  and  the  workmen  at  (mce  began  piling  them  into 
•  <*revasse.  Tliey  wen*  unable  to  make  lH»adway  against  tlie  wash,  and  l)y 
*-  night  a  dozen  streams  were  trickling  through  the  embankment  and  slowly 
*^liing  it  away. 

^t  a  late  hour  last  night  the  break  was  reported  to  l)e  in  worse  condition 
^11  in  the  morning  in  spite  of  all  that 'had  iK^n  done.  Tlie  water  stands  6 
^t  higher  on  the  upi>er  side  of  the  embankment  than  on  the  lower. 

It  is  probable  that  more  damage  was  done  to  the  farms  and  farm- 
^^  interests  than  to  any  other  class  of  business  or  property.  Many 
^nns  were  washed  full  of  ditches;  othei-s  were  covered  with  several 
idles  or  feet  of  sand,  and  thousands  of  acres  were  flooded.  The 
leaking  of  many  levees  throughout  the  valleys  gi-eatly  increased 
le  destructicm.  The  following  newspaper  dispatches  give  some- 
>ing  of  an  idea  of  the  damage  done  by  this  cause: 

Vinct»nne8,  Ind.,  Marcli  28. — The  Wabash  River  levee,  10  miles  north  of  here, 
'oke  in  two  places  last  night,  flooding  more  than  ir»,0(H)  acres  of  the  finest 
nd  iu  Knox  County.     The  water  nisficil  through  fields,  sweei)ing  everything 
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li^fon?  It.     The  farjijt*fs  \vi*r&  wanicxl  \n  the  aftcruaoD  tliiit  the  l«?v#»e 
Jinfl  It  b  bt^lleve*!  that  no  Uvefl  were  lo«t,     Hejicirts  »aj  that  lionj*e?i  iri^rv 
oBF  UMt  fouutlwUoim  ajirt  Eht*  losui  wiU  ititjcmtit  to  thon!HijinilH.     One  brwil 
itl)nut  t^  ffH^t  whle;    tlie  otUer   wns  :mki  fi*t*t    wUJi*.     4«rtiuiic)hopt  or  h 
liHrigH  an*  wu|tr»<>si*il  tn  Inivi*  caimtHl  Hm^  luipulis,     Dtbor  phif^iH  in  tlj**  l<ff< 
\vi 'M k .  r J rii I  1 1 1 g  il a n i n gvH  n i ay  i t hi k*  tn  ; 1 1 1>  t i me.     F n rij it?r»  »ay  thi%l  « U  t h«  1 

Siillivan.   hal,.   Miuili  2il— Tbe  lireak   in  the  towtinhlp  lp%*ee  l»  now 
wltte.     ThnH>  InuaJre^l  ft*i>t  of  thi*  IlUtuiU  rentrul  triieks    to   tbt*  w«^  *i 
HlverttHi  Hrl(t«re  UtViu  a  iliiiii  iiver  whU-h  the  writer  \h  t\o\\\tm  Into  the 
at  a  miilil  m1t».     Mueh  live  wftK'k  h:ij«  t«Nni  kUJr*)L^A;f*iiM*r/|^^t-  VtmHer. 

VUiy  City,  iTuL.  Murrh  ^lo, — Kel  UJver  han  Ihvti  svv**i^r>'JiK  tUr^tngh  itiiT 
In  thl»  tuniwty.  dolii*:  miu-Ii  ihmaijre  t<^  fa  nan  jiial  mUrnjnl>*,  Tin*  T'f»M 
ertiiHtnii'teil  l»y  Uih  tAnviM  TuwUHhlp  Im^jroveiiU'iit  Cumpany  h%M  yi*nv  alt 
of  nauiy  thoiisntaS  tlotluns  ti>  iimttH't  fnna  hnalw  oti  the  vvej^t  kUIl*  t»f  "  tin 
Hpial  "  1m  rtrtld  ttJ  W  ruiia*tK  wHlnait  liiivin-:  a(ff)ri.kHl  ajiy  relurnrt  foi*  The  a 
Miul  Jfihor  It  reprem'iitet!.  It  was  pri>i>osi-<l  tii  ImllU  n  wharhir  levee  tm  tUu, 
site  sirle  itf  the  atrt^aui*  but  the  rimject  litm  l>€H*n  nbtitidoni^,— /n4iM 
.V^rr*,  * 

The  breaking  of  thene  Un't»e>i,  added  la  the  water  alreii  dy  itowin 
on  unprotected  tracts  of  land,  produced  extrtnndy  dif^istrou^  res 

Thousands  of  hiTps  of  ^rowinfz  whent  were  eitlier  partly  or  lol 
destix>yed,  Ijurge  iiniouuts  of  prain  and  liuy  in  -slort*  were  ei 
destroyed  or  carried  away.  A  k>j*s  of  t^0,O(Xi  bunhelB  of  corn  in 
town  ship  nloue  was  n^pnHed.  Houses,  burns,  sheds,  farm  \m 
nieiity,  and  live  stock  were  swept  away.  Fifty  head  of  tlead  ci 
were  seen  floating  in  the  drift  near  Mount  CarnieL 

In  addition  ttj  i[ie  /jrn^at  ilainages  ah^eafly  discussed.  9\Qr\  t 
within  the  reacli  of  the  floral  suttcied  lieavy  Joss.  Sonte  of  the  si 
towns  weiv  entirely  drowncii  tait :  others  were  i  so  hi  ted  and  ran  si 
of  [irovisions;  all  were  [>artly  ^iilmiei-gcir,  eelhirs  were  tilletl  a 
wati*r,  merchandise  rnineth  furniture  spoiled,  waler  supplies  shut 
light  plaiUs  closed  down,  and  business  ("onipletely  jiaralyzeiL  In 
midst  of  all  this  many  p(^o[>le  sutfering  from  disease  died  from  ej 
sure;  sojiic  wen*  tlrowned  in  attempting  Xu  eseape  fnan  the  flc 
others  lost  their  live.s  in  trying  to  save  property  citlier  of  their  \ 
i\v  their  neighlH»rs;  antl  still  othei-s  were  drowned  in  heroic 
attempting  to  save  lives. 

rilKVEXTrOX    UF    Fl'TlltE    DA  SI  AGE. 

The  )froper  I'oiistruetion  of  levees  is  always  ii  matter  r»f  vital  im] 
latirv,  iuusnmrli  as  I  hey  invili'  (people  to  inhai>it  tlistricts  not  otl 
wise  tenal^te  Mud  enciairagi'  lUcir  s])ending  considerable  sums 
money  thrtiugh  llu^  confidence  impos<?d  in  tln^ir  ]irotcetirni.  I 
usually  fiHUid  upoji  iiisptHlicm  of  levees  that  have  faili'd  that  a 
additional  inches  in  height*  a  few  adilitional  feel  in  width,  a  li 
extra  precaution  in  their  protection  and  cai^  would  have  cnal 
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them  to  meet  the  flood  crisis  eflSciently.  The  recent  experience  with 
the  levees  in  Wabash  Valley  should  lead  to  the  rectifying  of  any  such 
errors  as  these  in  that  vicinity.  Careful  inspection  should  be  made 
for  the  purpose  of  locating  any  and  all  defects  of  the  above  nature 
and  immediate  steps  taken  to  repair  them.  Where  there  is  a  State 
engineer  such  matters  should  be  under  his  charge,  and  recommenda- 
tions should  be  made  by  him.  In  the  cases  where  burrowing  animals 
are  especially  bad,  or  where  from  any  cause  percolation  is  extremely 
likely  to  occur,  and  where  the  value  of  the  property  protected  will 
permit,  narrow  concrete  walls  may  be  used  to  prevent  the  digging  of 
holes  through  the  embankment.  This  method  is  necessarily  very 
expensive,  but  there  are  exceptional  cases  where  the  value  of  the  pro- 
tected property  will  warrant  its  use. 

The  straightening,  widening,  and  deepening  of  river  channels  may 
l)e  made  a  means  of  flood  prevention.  This  must  be  done,  however, 
in  such  a  way  as  not  to  harm  one  portion  of  the  valley  by  benefiting 
another.  For  instance,  if  all  the  headwater  streams  of  the  river  are 
so  improved  as  to  bring  the  upper  flood  waters  hurriedly  down  into 
the  lower  valley,  where  neither  natural  nor  artificial  means  abun- 
dantly exist  for  their  disposal,  their  field  of  destruction  is  merely 
transferred  and  their  power  for  evil  intensified.  On  the  other  hand, 
if  a  stream  is  improved  in  its  lower  valley  or  in  any  portion  of  its 
valley  where  ample  drainage  is  furnished  below  the  improved  por- 
tion, great  benefit  must  result. 

In  the  case  of  the  recent  Wabash  flood  the  greater  part  of  the  de- 
struction took  place  in  the  lower  valley  in  and  about  the  junction  of 
White  and  Wabash  rivers.  With  the  exception  of  a  few  isolated 
cases,  the  water  channels  in  this  region  were  less  able  to  dispose  of 
the  waters  delivered  to  them  than  those  in  any  other  portion  of  the 
drainage  area.  Evidently  any  improvement  of  the  nature  under 
discussion  in  the  upper  valleys  without  a  corresponding  increase  of 
the  carrying  capacity  of  the  lower-valley  channel  would  Iw  unwise. 
If  the  lower  Wabash  channel  was  improved  so  as  to  meet  the  addi- 
tional demand  on  it,  then  the  straightening,  deepening,  widening, 
and  diking  of  some  of  the  tril)utaries  of  this  stream  would  be  very 
IxMieficial.  This  is  especially  true  of  l)oth  branches  of  Wliite  River, 
which  is  extremely  low  hanked  and  winding. 

Often  serious  local  flood  damage  is  caused  by  the  narrowing  of 
the  river  channels  by  bridge  piers,  railroad  embankments,  highway 
grades,  and  other  obstructions.  The  natural  waterway  is  reduced  for 
a  given  stage  of  water  to  a  half,  and  often  much  less,  of  the  original 
and  natural  one.  The  consequence  is  that  the  water  is  backed  up 
several  feet  and  property  is  seriously  inundated  that  should  have  been 
free  from  the  flood.    As  an  instance  of  this,  the  situation  in  the  flood 
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Yuulvv  disfuis-sitm  (iii  Whilt'  Rivor  at  Sli<mlK  Intl.,  may  l>t'  ritPiL  TW 
tuwu  of  Sfujjilis  rorusisth  of  two  imrls,  ilcisigiiaU^d  Easl  Shoals  am) 
Wi^M-  8 h OH  Is*  West  Shoals  in  hxUuiUhI  on  ground  on  the  right  side 
of  \Miite  Kiv(M",  lying  mainly  ahovt^  liigh-AvaU^r  liiiut ;  East  ShiKiL* 
occupieB  chierty  n  hiyh  rocky  km»n  iiniiKHliaJely  adjacent  Ui  the  k'ft 
biiTjk  uf  tht^  stream*  This  pminpnce  is  <*xceptiDnfl[Iy  hi^h  at  ills  <»ii- 
tral  part  next  to  the  river*  I  ait  slofK's  off  toward  hnx  ground  in  *I1 
tluve  of  the  rcnitiiiiing  dirt'clions.  The  ordinai^y  river  channel  runs 
adjacent  to  thii4  hlutf  and  carries  j^tagei^  of  15  to  20  fi^ot  of  watef, 
^Hien  the  water  gets  higher  it  natundly  spreads  ont  ovi^r  a  flat  *\vr*l 
hundred  feet  wide  on  the  right  side.  St  ill  greater  i^Icvatloii;^  uf 
water  surface  origimilly  caused  .the  water  tc>  flow  around  to  the  left 
of  tlie  above-mentioned  kuoH.  During  Iht^  ]iHH  flood  a  nnixiiriijm 
stage  of  about  35  feet  abn-e  low  water  was  reachetL  Had  ihe  riwr 
channel  waterw^ay  been  what  natiii'e  hud  prt*pared  for  it,  it  would 
have  been  four  or  Hvfi*  times  as  wide  and  several  tiTut*s  ns  hirgi*  a* 
it  was,  and  the  water  would  not  have  risen  to  any  such  .stage  as  it 
did.  A  highway  grade  and  a  railroad  eu^banknient  made  the  surpki> 
waterway  ou  the  right  of  the  main  channel  uselej>s,  and  a  railroad  t'm* 
baukment  also  prevented  the  water  from  pa  swing  around  the  knoll  ia 
the  left  as  it  naturally  wonld.  The  i^^sidt  was  that  these  obstrur 
tions  starved  as  a  dam  that  raised  the  water  several  fet^t  hi|>her  than 
it  would  naturally  have  risi^i.  Much  property  on  the  lower  margin^ 
of  the  knoll  was  flooded  tluit  should  have  Ijetni  high  and  dry,  TIsf 
highway  bridge  has  a  length  of  only  445  fwi  Lwtwi^en  abutments,  and 
tlie  railroad  !>ridge,  a  short  distance  below,  is  about  the  same  iengtlii 
and  the  maximum  (lischarge  of  80,000  second-feet  was  fortxnj  to  im^* 
tiinaigh  this  space.  The  capacity  of  this  waterway  was  also  rtnliR^ 
l>y  end  contraction  on  tlie  right  bank.  It  is  a  notable  fart  that  i 
high,  solid  embankment  bridgf^  approach  on  a  low  flat  eovered  with 
several  feet  of  water  causes  an  action  at  the  bridge  similar  to  cad 
contraction  in  a  weir. 

By  obtaining  slope,  wetted  perimeter,  coefficient  of  rough ne.ss,  aad 
area  of  waterway  the  nece^^sary  increase  in  the  length  of  the  brid|j^ 
to  enable  the  channel  to  carry  the  fi<K>d  at  this  fjoint  without  causiag 
undue  rise  might  bt^  computed.  The  computation  is  not  made,  as  tbf 
situatiim  is  not  critical  enough  to  cause  action  on  the  computed  rr- 
suUs.  This  special  case  is  cited  at  length  as  IxMng  one  that  oim*^ 
undt'r  the  waiters  ol)s*?rvation  and  as  l)eing  typical  of  many  otlu^r^ 
throughout  the  rim")dcd  territory.  Many  instance.s  fn>m  varioas 
places  are  reported  when^  the  unnatural  ris<*  caused  by  such  c^bstna*- 
tions  as  these  has  Ix^en  ti  or  7  feet.  Very  often  this  rise  has  n*sulte«i  | 
in  serious  daniagt*.  Such  easels  demand  the  services  of  an  enginwr 
who  is  capable  of  determining  what  may  be  done  to  prevent  futui* 
smiilar  oceurrencesp 
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BKULE  FOURCHE  RIVER  FliOOD,  SOUTH  DAKOTA." 

During  the  early  part  of  June,  1904,  the  northern  part  of  the  Black 
Hills,  South  Dakota,  was  visited  with  excessive  rainfall,  which  caused 
the  Belle  t  o'jrche  and  other  streams  in  that  region  to  i*each  the  highest 
known  stage  since  1883  and  to  do  much  damage  to  property  along 
their  banks. 

STREAMS   AND   DRAINAGE   BASIN. 

Belle  Fourche  River,  sometimes  called  North  Fork  of  Cheyenne 


Fi«;.  r>.-  -I»nrt  of  RInck  ITllls  drnlnnffe. 

River,  rises  in  the  northeastern  part  of  Wyoming  and  flows  in  a  gen- 


•  I*repared  malnlj  from  data  furnlBhed  by  U.  F.  Walter,  enKiD«?<»r. 
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llttiid  rMu  of  th&  Belle  Fourche  and  trihuinrie^,  Jun^,  J96^ 
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At  Jio  tiiiit*  w'WH  tln*re  ii  violent  downpour,  but  all  water 
4ind  dry  niiH  jjnidually  iK'ciuue  torrents,  carrv"m|^  l>efore  them 
lo^^,  friH's,  niu\  (lt'4)ris,  tlimiming  llie  chaniic*ls.  In  iiianv  of  the  i 
l>owld<^i-s  weiglung  a  Um  or  more  werH!  rolled  along  by  the  water 

DAMAUE   m>SK   Ur    FUKJI),  J 

The  niinfsill  over  the  "  hills  "  was  niueh  heavier  than  on  the  f\ 
and  lus  the  wnUn  vviiyH  in  the  fiii'uier  were  unich  smaller  than  i 
latter  the  np|M?r  parts  of  thi^  si  reams  iKH^ame  raging  torn?uti?i.  B< 
I  he  main  f'lnnmels  the  sninlhT  creeks  and  dry  runs  l>eeaiii€?  toi 
am!  diseliar^^^d  laj^gt*  vohimi^s  of  water.  Four  lives  were  lost, 
greatest  dama^re  was  done  u!ong  Spear  fish  and  Wliitewood  n 
vvht're  Hie  ehainu'ls  \\%^\v  vuulvin'iml  in  luiiny  p[!un^>  liy  i-iiilroa* 
otlu'i'  improvemnits,  it  (id  parts  of  iht-  tow^jjs  of  Dead  wood,  Ce 
City,  mid  SpearliHli  wi'n^  umli'r  waii^r. 

At  Dead  Wood  tln^  \vat*'r  ot  M'hitrwnnd  Creek  rear  lied  a  heiir 
H  f(M'(  aliov^'  normal  siml  :!  fei*t  aho\r  ilau^rr  line,  fhMidi[i^  the  J 
j^art  id"  tlir  town,  iindi'njuninjr  many  huihhngs,  washin^^  ont  : 
of  til*'  riiilroad  trark  of  tin*  Chi(a;i:n  and  North  western  and  Bur 
ton  and  Missiiuri  Kiver  jMiilmails.  romfdetelv  destroying  tlir 
hri  rip's  in  I)eadw(Hjd,  and  doing  otfe*r  da  magi'  all  along  its  eonrs 

Aioii^  \\  hiti^wtHKl  ('j'tH^v  ihv  list  of  ilannigeH  k  given  as  ftdlov 

ititunfffiM  fftiUi   fit  Iff  rattrrhe  Jffntff. 

City  or  Bf'adwciad.  buJklieailfe*  tim\  Uritlgt??*  waaliwl  imt  and  flatnage  to 

Htrf'i'ts ,, ^ ., _-^,- — ^ .  $^ 

LmvreiH^'  C'uuaty . ,^__,_^^,_^ ^__^_^ .-^-^ — ^-, — -^^-. —  ,_     6 

Chim^fi  luul  XortliwPMtt^i'ii  Uailnmtl  -^ _„, ,^^ ,^     3 

BarUiifftiiij  nuil  MiHp^ovn-i  Hlver  Uiil]r<nul^„^^, , ____     6 

i*rhiite  iliinjii/yre -. ^^^^ -^ 3 
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Along  Speiirfish  Crwk  the  Burlin<i:ton  and  Missouri  River  Railroad 
in  the  canyon  was  almost  eonipletely  washed  out  and  the  (lovernment 
fish  hatchery  demolished;  also  considerable  danuige  to  streets  and 
bridfires  in  the  town  of  Si)earfish,  as  well  as  many  private  residences 
and  orchards.  All  mill  dams  and  canal  heads  were  more  or  less 
damaged.  The  damage  in  Spearfish,  outside  of  the  railroad  damage, 
will  reach  $20,000. 

All  the  smelters  along  Whitewood  Creek  were  forced  to  close  down 
for  some  time,  and  the  Ilomestake  mine  was  shut  down  for  the  first 
time  in  twenty  years  on  account  of  inability  to  secure  fuel  and  the 
excess  of  water  in  the  mine.  PI.  IV,  B^  illustrates  the  damage  to 
Chicago  and  Northwestern  Railway  along  this  stream. 

Along  Belle  Fourche  River,  which  receives  all  the  water  from 
the  northern  hills,  no  damage  was  done. 

Redwater  River,  the  main  branch  of  the  Belle  Fourche,  was  from 
one-fourth  to  one-half  mile  wide  and  considerable  damage  was  done 
to  meadows  along  its  course. 

KANSAS  FTjOODS. 
By  E.  r.  Murphy. 

The  floods  on  Neosho,  Verdigris,  and  Osage  rivers  in  eastern 
Kansas  in  July,  1904,  were  larger  and  more  destructive  than  any  other 
recorded  floods  on  thes(»  streams.  The  flood  on  Arkansas  River  in 
southern  Kansas  cmly  lacked  0.8  foot  of  l)eing  as  high  as  during  the 
^reat  flood  of  1877.  The  fl(M)(l  on  Kansas  River,  while  of  a  stage 
several  feet  less  than  that  of  the  May  flood  of  11)08,  was,  nevertheless, 
greater  than  any  recorded  prior  to  that  one. 

PRECIPITATION. 

The  rainfall  in  eastern  Kansas  prior  to  this  flood  is  thus  described 
by  Mr.  P.  Connor  in  the  Afonthly  Weather  R(»view  for  July,  1004: 

The  sprinjc  nnd  oarly  sniniiicr  monlhs,  like  those  of  IW;',,  in  Kansas  and 
Nvostorn  Missouri  wero  abnormally  wot.  At  Kansas  City  tliciv  was  an  excess 
of  nearly  17  inches  of  preci])itation  from  March  1  to  .July  S,  the  date  of  the 
lii^hest  wjiter.  Fortunately  for  this  comnnniity  and  interests  below  Kansas 
City,  the  most  violent  storm  occurred  outside  the  Kansas — connuonly  known  as 
tlie  Kaw — watershed.  Tiie  rainfall  in  Kaw  Valley,  while  far  too  heavy  and  fre- 
ipient  for  jrood  farm  work,  was  so  distril)uted  that  the  streams  could  carry  it 
off  without  overflowing:  their  banks  until  .Tuly  C»,  althoujch  twice  in  June  ratlKM* 
lioavy  rains  ou  <'onsecutive  days  caused  a  ^ood  many  of  them  to  l>ecome  almost 
hank  full  in  some  jdacc^.  On  the  nwu-ninj;  u\'  .Tuly  4  rather  heavy  rains  were 
reported  in  Kaw  Valley  \\\\{\  northwestern  Missouri,  with  the  lar^rer  streams  of 
Kaw  Valley  at  ordinary  sta;res.  On  the  morning  of  July  .''>  only  ordinary  rains 
were  reported  over  the  same  territory.     There  was,  as  yet,  uo  cause  for  serious 
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M])prf>beBi4loij.  but  on  the  tiftrrumm  iiut]  tUe  ulirbt  of  July  Vm  unlfarsi 
ml  LIS  fnll  uver  the  >?m(Uer  jiorfloti  of  Kiiw  V  til  ley  aud.  Dor-ttiw*-Hrt*ni  W 
At  Kjiupsmh  <'Uy  tlK*  fiiN  wiik  Z^il  lufhew  !a  elght*»eu  hours,  a  Jul  h  wn^  < 
|jo:ny  iilotii?  Knw  Uh<*r  Ni  Toiiekri  Ji»d  nlf»ng  the  Miss«>url  to  »>ujf  <]] 
Itelciw  St,  Ji*wiL*j>li.  The  icrerU  quHijnty  iif  nuD  th^it  foil  in  ih<*  buHia  ijl  tJi 
tioti  iif  MiNSMiurl  nud  Kjivv  Hvers  hnrt  iinnK^liatf^  ofTet^t  In  mlsatrifl:  tho  rti 
KuiiHdK  rity,  uikI,  hi  t'on>*i*Mii«*i''i'^*  t^^f"  Mis>*onil  had  rison  2.7  fei*t  hy  ihi?  m 
of  July  *i»  phit'luK  it  1.1  ftvl  above  the  rtarigcr  Hue.     Kaw  River  nwe  4 

Tlit*  monthly  prt^cipitfllion  at  j^^venil  plac^Ji  in  sottt)i«^tt.«$ti»iij 
Aiid  ailjacent  States  is  given  in  the  fnllovviug  table: 


Monihttf  prt'vlpitatifjn  and  vafHatif>n  from  n^^nni  in  ftfuttfieasiem  0^4 
udjM^ni  ma  ten,  .fanuiirii  to  Juhf,  IBiti. 


Fl»ue. 


TapekHf  K&ils.  ....... 

WSohltA,  Sahs 

OkUhoHiA,  Oklii 


J^b. 


-  .4 


f 


Fort  Bmitb,  Ark    .     . 

EuipciriiL,  Kam*  ....... 

Ftirt  8cott,  KftDfl  

WlnflHH.KanH...,.,. 
HftrtHhrmj,  Iml.  T^... 
01ciJm!^<^\  Ind.  T .... 
Boubiiui,  TtJi ,,-.. 


|T»ri»tJcra 

iPwieipitiition.. 

IPrf^fiiiittttlott** 

Pi^H.'llittatlon._/ 

jVuHfttloti '-  .4 

"|PnM.-trrtlftt!oTi  .'      M 

tVarifttioTi......|-  ,H 
Procipit&tfoTi  .1      .in 

nrriHfttiim '+iJI 

'  I  Prt wipitrtt  ioo  . ,    H.  IJI 

J  Variation '+  .* 

'iPTefipitfttion 

Pri^cipitatiim 
..-PrH'ipitatuJii 
.......... -.0*1. 

.    .....(to.. 

,,.,-do., 

.-.-. *ifl.. 

-ihi_. 


F*U. 


£,l»i 
>1.1 
HM 

IM 

l.ia 


-0.4 

-  .ft 

.US 

-l,t 

»,« 
.(II 

T 
.4^ 

1.7* 


-  .t 

-1.* 
.ie 

.5 
4.l»t 

t.4H 

i.ar 

1.M 


Apr,     11&^.   JumK 


l.[^ 
«.W 
4.?0 

t.M 

-  *a 

"l.£ 
1.51 

JI.16 

3.44 

%nt 
',lfi» 
1.27 
3LTH 


]ft,7W 

«.74 

-1.7 

-1,2 

4.  SI 

.4 

4,2« 
8.4T 
4.W* 

10,  m 


+1.10 

4.4» 

-  .4 
4.40 

-  ,11 

aiM 

1.3 

+   ,7 

&ii 

-  4 
4.»i 

+8.e 

12.  »1 

e.]s 

w.si 
12.  tw 
ll.lt* 
la  3a 

15.1IJ 
1L49 


11.1 
-1*^ 


n 


H.m 

-».e 

ijir 

^U4 

a.a» 

»,«o 

8.  IS 

9.W 

s^flft 

1 

The  month!}"  and  thp  accinmilatpc]  p.vcess  or  deficiency  for 
seven  niunth>s  Jannnry  Ici  *Jnly  nvi\  also  g;iven  for  several  of  I 
places.  TheHP  fignre.s  verify  Mr.  CtJiiiior's  statement  in  regard  U 
piveipitation  in  t-n stern  Kiinsus,  and  in  a  niL^asure  define  the  e^ 
and  nia^uitude  of  the  pi-eripitation  prior  to  this  flood. 

This  excessive  precipitation  eatised  flt>od.s  on  (Xsage,  Neosho, 
Verdi^^s  rivers  larp^r  than  ever  known  hefoit*.  Compared  wit]: 
htorm  that  preceded  the  great  flofKl  on  Kansas  River  in  11)03,  it 
}m  sard  that  that  <»f  1 1)04  did  not  eover  a-s  hir^e  uii  ai'ea,  vvai^  m 
intense^  occurred  al>ont  one  month  later  in  the  season,  and  was 
tral  over  an  ai'ua  from  200  to  300  miles  farther  south. 


U.  8.  GEOLOGICAL  SURVEY 


WATER-SUPPLY  PAPER  NO.  147      PL.    IV 


A.     MISSOURI    PACIFIC  ANO   UNION    PACIFIC   RAILWAY   BRIDGES  OVER  KANSAS 
RIVER  AT  KANSAS  CITY   DURING   FLOOD  OF   1904 


li.     DAMAGE  TO  CHICAGO  AND   NORT  H /V  Eb  r  ERN    RAILWAY  ALONG  WHITEWOOD 
CREEK,  SOUTH    DAKOTA. 
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KANSAS  RIVER  FLOOD. 
GENERAL   STATEMENT. 

The  greatest  flood  of  Kansas  River  on  record  or  in  the  memory  of 
the  oldest  inhabitants  living  along  the  stream  occurred  May  23  to 
June  18,  1903.« 

The  flood  of  July,  1904,  although  it  did  not  reach  to  within  about 
8^  feet  of  the  height  attained  by  that  of  1903  at  the  United  States 
gaging  station  at  I^compton,  was,  however,  second  to  it  in  recorded 
height.  Its  estimated  discharge  was  about  00  per  cent  of  that  of  the 
flood  of  1903  and  about  double  that  of  the  flood  of  April  26,  1897, 
\vhich  was  the  greatest  in  twenty-one  years  prior  to  1903.  The  area 
flooded  in  1904,  while  nuich  less  than  that  flooded  in  1903,  was  never- 
theless large,  and,  as  the  flood  occurred  about  a  month  later  than  in 
1903,  it  prevented  the  maturing  of  ordinary  croi)s  on  the  flooded  area. 

The  effect  of  the  1903  flood  on  Kansas  River  was  to  deepen  and 
widen  the  channel  and  in  some  places,  notably  near  Manhattan  and 
St.  Marys,  to  straighten  it  by  cutting  off  bends  in  the  stream.  A 
short  distance  south  of  the  latter  place,  a  new  channel  about  4  miles 
long  was  formed  and  a  few  miles  farther  downstream  another,  one- 
half  mile  long,  w^as  cut  across  an  oxbow  bend.  At  many  places  along 
the  concave  bank  washing  took  place,  and  where  the  banks  w^ere  not 
protected  erosion  occurred,  resulting  in  some  places  in  the  destruction 
of  several  acres  of  land.  This  erosion  of  l^d  and  banks  supplied  a 
vast  amount  of  material  that  was  deposited  on  the  flooded  area.  In 
places  this  de])osit  consists  of  from  2  to  fi  inches  of  silt  that  enriches 
the  land  and  in  other  places  of  from  2  to  (>  feet  of  sand  that  com- 
pletely ruins  it.  It  is  estimated  that  10,000  acres  of  fine  farming 
land  along  the  river,  valued  at  $200  per  acre,  were  thus  practically 
destroyed. 

FLOOD    NEAR    KANSAS    CITY. 

The  flood  of  1903  de.stroyed  10  bridges  in  the  vicinity  of  Kansas 
City,  only  one  of  which  had  been  removed  from  the  stream  \)ed  prior 
to  the  flood  of  1904.  Several  temporary  pile  bridges  had  been  con- 
structed across  the  river  between  the  dates  of  the  two  floods.  These 
and  other  obstructions  collected  drift,  retarded  the  flow,  and  increased 
the  area  of  overflow.  One  of  these  pile  bridges,  the  RcK'k  Island  Rail- 
way bridge,  was  destroyed  by  this  flood,  and  other  bridges  were  dam- 
aged to  some  extent. 


•  For  a  dcHcrlption  of  the  KaiiRan  Rivor  basin  and  of  the  flood  of  1903  and  the  de- 
fitruction  wrouKht  by  it,  koc  Destnictlvft  Hoods  in  the  United  States  In  1903:  Water- 
Sup,  and  Irr.  I'aper  No.  00,  U.  S.  Geol.  Survey,  1004. 
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GiUff^  h'hfht  <ftt(/  fiiHrhnrge.-^The  fol lowing  tiible*  ^m*^  the 
timtionH  of  Mis^mri  Riv4»r  at  thi?  Hannibal  Brid^  iil  Kansstsi  CH] 
and  nf  Kiinsns  RiviM-  nt  flu*  Sh>rk  Yiinls  Hrulp*  (nbutit  U  mlU*H  fpm 
the  HiuuiibttJ  Brid^),  at  Topi-kr*,  jmd  tit  Manlnittun  rhiritl^  the  flood 


Fluctuationa  of  Eun^ua  ami  MUMOuri  rU-crst  J^ljf  I  to  IJt  IBf^4 
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Fluctuations  of  Kansas  and  Missouri  rivers,  July  1  to  IS,  1904 — Continued. 


Date. 


Musouri 
River. 


Jiily9: 

2  p.  m 

4  p.  m 

July  10: 

7  a.  m 

12  m 

July  11,8  a.  m. 

July  12,8  a.  m. 

July  13,8  a.  m. 


Feet. 


21.90 
20.30 
19.10 


Kansas  River. 


Topeka. 

Feet. 

14.90 
14.80 

14.00 
13.40 
12.70 
12.00 
11.80 


Manhattan. 


Feet. 

15.20 
15.00 

14.00 
13.90 
13.70 
13. 30 
13.60 


Stock-yards    ai^^^.,,^^ 


mile. 


Feet. 

25.40 
25.00 


Feet. 


22.85  .. 
22.25  |.. 
20.00 
17.80  I 
16.20  ' 


1.800 

1. 100 

.967 


The  gage  on  the  Hannibal  Bridge  is  the  property  of  the  United 
States  Weather  Bureau,  and  the  readings  of  it  were  furnished  by 
Mr.  P.  Connor.  The  datum  of  this  gage  is  5.8  feet  lower  than  that 
of  the  stock-yards  gage.  It  is  seen  that  this  flood  reached  its  maxi- 
mum height  at  1  p.  m.  on  July  8  at  a  gage  reading  of  27.8  feet,  or  a 
lieight  of  28  feet  above  low  water.  The  maximum  height  was 
reached  at  Topeka  at  noon  July  7  and  at  Manhattan  at  noon  July  6. 
The  crest  of  the  1903  flood  reached  an  elevation  at  the  Hannibal 
Bridge  about  10  feet  greater  than  that  of  1904.  The  difference  in 
elevation  of  the  crest  of  the.se  floods  at  the  stock  yards  must  have 
l^een  several  feet  greater  than  this  on  account  of  the  much  greater 
choking  effect  due  to  the  collection  of  drift  at  the  Union  Pacific 
Railway  bridge. 

Column  6  gives  the  slope  of  the  surface  in  feet  per  mile  from  the 
Stock  Yards  Bridge  to  the  Hannibal  Bridge  during  this  flood.  The 
slope  is  not  constant,  but  varies  directly  with  the  stage.  The  great- 
est slope  w^as  about  2.73  feet  per  uiile.  During  the  1903  flood  the 
slope  of  the  surface  from  the  Union  Pacific  bridge  to  the  mouth  of 
the  Kansas  was  about  4.34  feet  per  mile.  For  a  distance  of  about 
7.000  feet  upstream  from  the  Union  Pacific  bridge  the  slope  was 
about  1.26  feet  per  mile.  Farther  up  the  river  the  slope  was  about 
1^  feet  per  mile.  The  slope  of  Kansas  River  for  some  miles  from 
its  mouth  is  affected  by  the  stage  of  the  Missouri.  It  w^as  a  very 
fortunate  occurrence  that  (hiring  the  floods  of  both  1903  and  1904 
Missouri  River  was  not  at  its  highest  stage.  If  the  great  floods  in 
this  river  had  been  coincident,  the  damage  due  to  overflow  in  Kansas 
City  would  have  been  even  greater  than  it  was. 

A  flood-discharge  measurement  of  Missouri  River  was  made  at 
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Haruiibal  Bridgi?  May  12,  1904,  for  a  mejin  gag^  reading  of  :2C 
(about  5i  fei>t  lielow  the  crest  of  the  flood  of  ltK>4)*  and  gavei 
of '28,030  s*]iirtn^  feet,  w  ith  a  dii^charge  of  152,300  cnbie  feet  pen 
A  floeid-diselmrge  ineMhUiviiiuiit  of  Kaasuti  River  was  made  o 
12,  1904,  from  tfic  elevated -mil  mad  liridifi*  in  Kiin^^as  City,  for 
height  (Ilannibiil  Britlge  gu|re)  of  about  '20  fc^et,  or  a  surfac* 
tion  (.stoi^k-yanls  dnfiiiu)  of  15.8  fn^-  The  width  Ix^wwn  abi 
at  this  bridge  is  about  5S>,^*  fwt;  th**  maxinuun  depth,  25,0  feet 
1 0, 1 2  5  gq  u  a  n  •  f *  %*t ;  d  i  sell  a  rge ,  5  S  ,1 JOO '  c  uln  c  feet  pe  r  secoii  d ;  t1 
watenvay  innler  th**  bridge  is  21,320  HCjuare  feet.  Both  bank 
river  at  this  point  are  f^veral  ft*et  lower  than  the  surface 
bridgt*,  n?^  the  new  britigt^  is  about  0  feet  higher  I  ban  tiiei 
which  was  destroyed  in  1^03,  ^ 

Nerefimrt/  if^tdrrtmt/. — With  the  aid  of  Kiitter's  menn- 
fornnila  we  may  eonipute  the  nee<!*%sary  width  of  a  tni  peloid  a 
way,  vvitb  side  slopes  1  to  1,  to  carry  the  AckhI  of  1903  with 
mum  depth  of  30  feet*  The  estimated  maximum  dis^hargi 
Uniteil  States  ^tgin^  station  at  Ijecompttm  was  233,000  cu 
per  seeond*  AtliUng  8  per  eent  of  tliis  vobime  for  the  \^ol 
ceived  Iwtweeii  IjtNjunipton  and  Kansas  City  we  have  251,7; 
fe«4,  tu'  in  HHind  riuudR^rs  252,000  cidiic  feet  per  second  as 
charge  of  Ksinsas  River  at  Kans*is  City.  The  sUi])e  from  t 
above  is  aliout  2,75  feet  per  niile.  The  coefficient  of  rou^r 
about  0.030.  From  these  data  we  find  that  the  mean  vekicitj 
about  10  feet  per  second,  ant  I  tiint  the  bottom  width  of  the  tra 
urea  necessary  would  be  TIO  ftvt,  und  the  top  width  770  fet* 
wjiterwiiy  woidil  have  [>erniitted  tlu^  ilood  of  190:*,  to  pass 
(^ity  with  a  surfsu*e  height  [lot  ^nvaler  tluin  I  hat  <biriii^  the 
1904 — that  is,  a  surface  elesiilion  -M  th*-  el e vat ed -rju I roM^i  bi 
20  fei^(  (stork-yiirds  dnluiu).  Sonu^  of  tlit*  liottnm  lands  woi 
bi*i*ii  fltiodtsl  under  tbo^e  roiiditioris  unless  loiv  levees  had  Ik 
strneted  on  each  si^h^  of  \]\v  rivtM\  If  tlu'  rhriiun4  width  is  n 
io  5H0  feet  Willi  verlic;tl  sidr-s*  surface  slofK'  of  2,75  fi»t*t  p 
then  iUv  <le[>tli  must  be  jd>out  39  ftv^t.  Tn  tliesi.^  computat 
alio  warn -e  is  miidi*  for  reduction  of  wsiterway  due  to  collei 
drift  in  front  of  piers  or  to  Hir  [ucrs  tbenisehes. 

I*L  IV,  -L  shows  tlir  Missouri  Pai-itie  nud  Union  l^acific 
bridges  across  Kansas  River  in  Kansas  City  whon  thr  thxyd 
7,  !f)04,  had  In^^un  to  i-ecede,  Tlu*  ]\riss<Mn*i  Pacific  liri<Igt 
was  the  only  out'  across  the  Kniisas  Rivci'  nt  Kansas  City  that 
destruction  in  1903,  Tln^  ru^w  Union  Pacific  Ijridge  is  at  the  sj 
vat  ion  nbove  low  water  us  tht*  old  one,  and  the  rhamiel  undf 
not  \n}vn  widened  ;  in  fact,  the  only  etfort  made  in  Kansas  Cit^\ 
vent  loss  dtie  to  fl(K>ds  l)etween  the  dates  of  the.se  fli>ods  wa^^  1 
sf  ruction  of  Gt  ft*w  of  the  new  bridges  a  I  a  few  feet  greater  e] 
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than  the  old  ones  which  were  destroyed.  The  channel  has  not  been 
widened,  although  at  one  place  it  is  less  than  450  feet  in  width.  The 
spans  of  the  bridges  have  not  been  lengthened,  the  channel  has  not 
been  cleared  of  wreckage  nor  deepened,  nor  have  levees  been  con- 
structed to  prevent  overflow.  The  1904  flood,  although  it  did  not 
reach  within  several  feet  of  the  height  of  the  1908  flood,  nevertheless 
overflowed  many  acres  of  l)ottom  land,  drove  a  large  number  of  peo- 
ple from  their  homes,  and  destroyed  many  thousand  dollars'  worth  of 
property.  PL  V  shows  the  areas  submerged  during  the  flood  of  1903 
and  during  that  of  1904. 

Recammendations  of  ai*my  engineers, — A  board  of  army  engineers, 
consisting  of  Col.  Amos  Stickney,  Maj.  J.  G.  Warren,  and  Capt. 
n.  H.  Chittenden,  Corps  of  Engineers,  reported  January  23,  1904,  on 
the  flood  conditions  of  Kansas  River  in  Kansas  City.  This  report 
states  that  the  normal  average  width  of  Kansas  River  through  Kan- 
sas City,  which  was  850  feet,  the  minimum  width  having  been  540 
feet,  has  been  reduced  to  an  average  width  of  590  feet,  the  minimum 
width  being  420  feet.  The  bridges  have  more  piers  than  is  neces- 
sary and  are  founded  on  piles.  Between  and  around  the  piei*s  are 
piles  and  loose  rock  that  prevent  the  natural  scour  of  the  bed  in  time 
of  flood.  As  a  result  of  these  encroachments  on  the  river  the  natural 
channel  capacity  for  carrying  off  floods  has  been  reduced  to  about 
one-half. 

Th(»  measures  declared  necessary  to  avert  another  disaster  like 
that  caused  by  the  1903  flood  are  to  restore  to  the  river  in  Kansas 
(^ity  a  width  of  at  least  734  feet ;  to  construct  masonry  walls  on  each 
side  reaching  to  an  approximate  height  of  30  feet  above  low  water 
for  a  distance  of  17,000  fwt  above  the  mouth:  to  dredge  the  river 
IxhI  of  all  solid  obstructions  to  a  depth  of  15  feet  below  low  water; 
to  limit  the  number  of  piers  to  two,  300  feet  apart,  carried  down  to 
r(K»k,  and  having  the  lowest  part  of  the  structure  on  them  above  the 
flood  line  of  1903,  and  to  construct  earth  levees  with  paved  slopes 
above  the  point  where  masonry  walls  are  necessary,  and  carry  these  to 
the  bluffs  above  Argentine  and  Arniourdale. 

Inasmuch  as  this  improvement  would  be  very  expensive  and  require 
a  long  time  to  carry  out,  the  board  recommended  the  following  meas- 
ures as  a  mininnnu  re(]uireinent  under  existing  conditions: 

( 1 )  That  further  oncroarhmonts  on  the  hanks  1h»  stopped  and  existing  en- 
(*roachnients  he  removed.' so  as  to  give  tlie  eliannel  an  average  width  of  at  least 
r»(M)  fet»t  for  a  distance  of  17,(M)0  f(H»t  !il)ove  the  mouth. 

CJ)  That  the  channel  he  cleare<l  of  all  ohstructions  to  a  depth  of  at  least  15 
f<»et  !)elow  standard  low  water. 

(.'{)  That  all  hridge  owners  he  requinnl  to  remove  ohstructions  around  or 
hetween  existing  piers  and  to  construct  their  hridges  with  only  two  piers,  to  be 
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(.irrrl*Hl  iU»vvu  U*  n«.'k  imd  to  l.*t*  3ijm»  ft-ot  Jipiirt,  uioii:jur(Hl  rm  u  JIri*>  j«erpMpli>^l9  ] 
tcj  tin*  i*f filter  Ihie  of  the  eluumel>  tlie  lowest  iwhit  i>f  tlie  strut^tur**  to  l»e  ah^t^  tfc  ' 
liiHxl  IJitt.4  of  tb^  tilt  haute  cliunnel. 

Siiiro  the  ulwjve  vv*is  written  the  Kansas  li'gtsJitliiro  Iiii.s  atithoriic^ 
tjie  farnmtioii  of  (h'Hiiui^e  ilistriets  in  Kan^^^.  The  iliixvUirs  of  i^i 
liisti^it't  havt*  ruiitrnl  of  all  t!ie  streaniin  in  the  dLstriet  bikI  pniFitle  for 
widenitjg^  (leeiM^tiin^,  and  Htraightening  tht?  chaiini*]  iiiid  the  t-uitstru*^ 
tioii  and  iiiiuntenance  of  h>vees  to  prevent  overflow.  A  ilJHtriet  t'l 
tending  from  ulxne  Argentine  to  the  inotith  of  Kansas  River  bi^ 
II  he<*  no  vgu  1 1 J  ze<l ,  sn  r  \"ey  ^  a  re  Ijei  i  ig  n  i  a  tie,  pla  ns  and  i^st  i  n  i  a  t  e^  p  rv  pa  nti 
tor  the  ijasisagi^  of  a  rate  of  flow  of  lOOJKXJ  setx*ncl-fet>l  wit [| out  nwr 
flow.  The  UniteiJ  Zine  and  Chemical  Company  in  thin  dii*lrirt  lu* 
already  eonstrueted  a  levee  to  jirotect  its  prop<'rty  at  ii  *x*st  of  $15jiJ0u. 
The  Arrninjr  Packing  Company  ha^s  altioconi^lruetcd  a  levea  to  protttft 
its  prot>erty. 

From  liigh'Water  marks  al)ove  the  dam  at  Ijawrence  if  was  foim^ 
that  the  ijeptli  of  water  (nj  the  rn*st  of  the  dam,  iiieai^nrod  at  ji  jioiiif 
*^nttioiently  far  ttpstream  to  tie  oitt  of  the  inflnenee  of  iho  rtirvatan- 
of  the  siirfaee  n(nr  the  cn'st,  was  19 J  feet  in  the  IIK);*  Hocwi  anti  it^ 
feet  in  that  of  n)t>4— that  in,  the  erest  of  the  former  fh^id  \va^  !i\xmi 
(1.2  Uh'I  higher  than  that  of  thtf  latter.  The  high-wattn*  marb 
on  the  Honth  side  are  ahout  0  inches  lii*rher  tlian  thuM:  on  the  north 
isiile*  tins  heing  dne  to  the  In^nd  in  the  stream.  The  VMV^  t\tnHl  cut  a 
iw\y  rhnnnel  al>out  4()(>  feet  wide  and  m  deep  that  all  thc>  (ordinary 
flow  pasMHl  through  it  around  tlit^  north  end  of  the  hri<lge.  This 
channel  was  tilled  with  roek  in  (Ji  tuber.  IVHJ^^,  reducing  tiie  water- 
way to  its  former  dimensions.  Tfie  11M4  fltKKl  [lasned  over  the  tnid 
uf  this  fill  and  \va8  prevented  froii[  rutting  another  new  chaiuiel  only 
\>y  \i  levei*  (»f  Hand  hags.  Alnait  *»ue  fourth  mile  farther  iiortJi  thr 
river  oversowed  the  Union  Paeitie  Haitway  embankment,  washtn! 
out  several  hnndriMl  feet  of  traek.  :ind  suJniierged  several  hnndn'^l 
acres  of  low  land  in  the  vieinity  of  Law  re u re.  A  part  of  the  apron 
of  the  dam  was  washed  out  during  this  Jh»cHb  and  later  a  part  of  the 
dam  ilMdf  and  of  the  north  abutment  i>f  the  liridge. 

Since  the  above  was  written  the  Icngili  of  the  en*st  of  this  dam  hss 
been  increast^d  aljont  *^-i  feet,  thus  ineivasing  the  width  of  the  channel 
alM>nt  11  per  cent.  Tlie  cost  of  lids  work,  including  a  new  afaitnient 
ami  truss  for  the  bridge  and  the  tilling  of  the  new  channel  cut  bj  tlie 
flood  of  1908,  was  $7r>JXI0. 

Gaf/€  height  and  dm^havfie, — ^The  mean  daily  fl  net  nations  of  the 
surface  of  Kansas  Ri\  er  at  tints  place  and  the  corresponding  dully  rate 
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of  discharge  during  this  flood,  as  shown  by  the  United  States  Geolog- 
ical Survey  gage  on  the  highway  bridge,  and  also  the  corresponding 
data  for  the  flood  of  1903  are  as  follows: 

Gage  height  and  discharge  of  Kanaaa  River  at  Lecompton,  Kaux.,  May  2-1  to 
June  8,  1003,  and  June  2Jt  to  July  11,  190^. 


Date. 


^t.     ^^^rge- 


beigl 


1903. 


May  25 . . 
May  26 . . 
May  27 . . 
May  28 . . 
May  29. 
May  30.. 
May  31 . 
Jnnel-  . 
June  2  _  _ . 
June  3 . _ . 
Jnne4... 
Junes... 
June  6 . . . 
June?-.. 
June  8 . . . 


1904. 


June  24. 
June  25- 
June  26. 
June  27. 


;     Feet. 
14.15 
12.15 

'     16.60 
18.00 
21.10 
24.00 
«28.75 
27.20  I 
26.25  ! 
26.35  I 
24. 35  , 

I    23.05  I 
20.50  ' 
18.20 
16.50 

6.15 
10. 50 
14. 70 

!  13. 70 


Sec.'/tret. 
80,075 

55, 500 
99,500 
113,500 
144,500 
173,500 
221,000 
205,500 
196,500 
197,500 
177,500 
164,500 
138.500 
115,500 
98,500 

11,530 
31,460 
59,800 
52, 800 


Date. 


Qage 
height. 


1904.  Feet. 

June28. 12.00 

June29 10.70  i 

June  30 10.05  l 

July  1 11.10  I 


July  2... 
July3... 
July  4... 
July  5... 
July  6... 
July  7  - . . 
July  8... 
July  9... 
July  10.. 
July  11.. 
July  12.. 
July  13.. 
July  14.. 
July  15. 
July  16.. 
July  17.. 


9.60 

8.70 

8.45 

10. 10 

16.75 

20.75 

18.75 

16.45 

14.55 

13.15 

12.10 

11.40 

11.00 

10.50 

9. 55 

8.95 


Discharge. 

Sec./eet. 
41,040 
32,670 
28,600 
85,150 
26,450 
21,920 
20,500 
29,160 
91,040 
180,000 
110,000 
87, 120 
70,060 
57, 720 
48,760 
43,560 
40,700 
37,230 
31,390 
27,800 


"  Maximum  gape  height,  20.50  feet. 


It  is  Seen  that  this  flood  lasted  from  July  5  to  15,  reaching  a  maxi- 
inuin  at  about  noon  on  July  7,  with  a  gage  reading  of  about  21  feet 
and  an  estimated  discharge  of  about  180,000  cubic  feet  per  second. 
The  highest  reading  of  this  gage  in  11)03  was  20.5  feet,  so  that  the 
crest  of  the  1908  flood  was  8.5  feet  higher  than  the  crest  of  the  1904 
flood  at  this  place.  The  left  bank  was  overflowed  for  a  distance  of 
about  300  feet  in  the  1904  flood,  and  a  distance  of  at  least  one-half 
mile  during  the  1903  flood. 

Fig.  G  shows  graphically  the  change  in  volume  with  the  time 
from  the  beginning  of  each  of  these  floods,  also  the  change  in  the 
volume  for  the  flood  of  1902.  P^ach  ordinate  of  this  diagram  repre- 
sents volume  of  flow  per  second  in  thousand  second-feet ;  each  abscissa 
represents  days  from  the  beginning  of  the  flood.    The  iua^iutvv<i^  ^1 
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Ibt^  liW^  Ihmh  ii«  canipiin*d  wit!i  that  of  im>4  and   J 902,  y  cWrii 

Th«i  tables;  on  pap?Hf  75  and  Tti  giv^  tho  mean  daily  j^gt*  hei^it  »nn 
Cfjrri*sjKindiiijjf]isi4iar^<^  nf  Blut*  River  runir  MftiiliittiaiK  and  of  Sruntcj 
IVM  \tnvv  at  KllsAvt^-th,  during  flu^  fliiod  uf  IIW^,  for  compari'^in 
will  I  I  he  floods  at  those  places  in  lii(H. 

£50 
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so 


0  5  10 

Fig.  (>. — Flood  dlschartrc  of  Kansas  KIv(m 
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at  Lecompton.  Kans.,  in  100L».  lOOa,  and  1004. 


Necef^sary  vater^ray, — Tho  width  of  the  channel  between  the  abut- 
ments of  the  bridge  at  Lecompton  i.s  800  feet.  Wlien  the  flood  of 
June,  1903,  was  at  its  uiaxiuuim  stage  the  left  bank  was  overflowed 
for  a  distance  of  at  least  one-half  mile,  but  most  of  this  overflow  had 
very  little  velocity,  and  the  discharge  through  the  overflow  part  of  the 
cross  section  was  not  uiore  than  5  j)er  cent  of  the  total  discharge.  The 
right  bank,  along  which  are  tlie  Santa  Fe  Railway  tracks,  was  sub- 
merged for  a  distance  of  about  110  feet. 

The  area  of  the  water  cross  section  at  this  station  when  the  1904 
flood  was  at  its  highest  stage  Avas  17,830  square  feet;  the  measured 
mean  velocity  was  about  7.3  feet  per  second,  and  the  mean  depth  was 
about  22  feet.  By  KutterV  foruuda  it  is  possible  to  compute  the 
mean  velocity  in  a  trapezoidal  cross  section,  and  thus  by  trial  to 
determine  the  proper  size  of  section  to  carry  the  flood  of  1903  w^ithout 
too  great  surface  elevation.     In  such  a  section  of  bottom  width  750 
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feet,  side  slopes  1^  to  1,  and  depth  of  22  feet,  passing  the  1904  flood 
with  a  surface  slope  of  1^  feet  per  mile  and  a  coefficient  of  roughness 
71  equaling  0.030,  the  mean  velocity  is  found  to  l^e  about  0.6  feet  per 
second,  0.7  foot  imm*  second  less  than  the  mean  measured  velocity, 
indicating  either  a  greater  surface  slope  than  IJ  feet  per  mile  or  a 
smaller  value  of  n  than  0.030,  or  both.  If  the  slope  is  2  feet  per  mile 
and  the  other  data  remain  the  same  as  l)efore,  the  velocity  becomes 
7.4  feet  {xt  second,  0.1  s(*cond-foot  greater  than  the  observed  velocity. 
Tt  is  not  likely  that  the  slope  was  greater  than  2  feet  jx^r  mile,  hence 
the  value  of  ;*  was  less  than  0.030. 

The  next  question  is  to  determine  what  would  have  been  the  mean 
velocity  in  this  assumed  trapezoidal  channel  if  all  the  water  of  the 
1903  flood  had  flowed  in  it  (without  scour  and  without  increase  in 
surface  elevati(m  of  the  flood  crest)  with  a  mean  depth  of  30.8  feet, 
a  surface  slo[x»  of  2  feet  per  mile,  and  /^  =0.025.  The  total  esti- 
nmted  discharge  is  233,000  s(»cond-feet ;  area,  24,270  square  feet; 
observed  velocity,  9.0  feet  per  si^cond.  By  the  use*  of  Kutter's  for- 
mula the  mean  velocity  of  the  water  in  the  assumed  trapezoidal  sec- 
tion is  found  to  be  10.2  feet  i>er  second.  Hence  this  trapezoidal  water- 
way with  bottom  width  of  750  feet  and  top  width  of  842  feet  would 
have  carried  the  1903  flood  past  this  station  if  levees  were  built  to  pre- 
vent overflow,  without  any  increase  in  elevation  of  the  crest  of  the 
flood. 

The  following  table  gives  the  maximum  and  minimum  discharge 
of  the  Kansas  at  Lawrence  and  I>»compton  each  year  since  1891 : 

Afa.ritniim  and  whiiinum  iUiily  diHcharge  of  KatiMas  liivrr  at  Lairrciicr»  Kaux., 
1801  to  1S9S,  and  at  Lccowpton,b  Kanx.,  lS!Ht  to  lim). 


Maximum  discharKo  in  Hecond-fet»t. 


Year.' 

1 


i 


Dat«. 


iHtfl 
IKftJ 


1H«8 


Juno . 
May.. 


«.  40 


From  to- ! 
Uildniin- 
aK<^  area. 


^*X    t4il  drain- 


Per 
square 
mile. 


Minimum  diHcrharjfo  in  stH*ond-feet 
Dato. 


(iairo      From  to-       Per 
hoiJlit     tal  drain-    t^iuare 
**         ag(*area.      mile. 


■.«>,7r)()  . 


June     and  j 
July. 


1W4  June... 

iHa^i  Ausru«t  . 

\m\  July  ... 

irtr:  April. ... 

WW  June ... 

18W  July  .. 

1»0()  March  . 

1901  April..-. 


1902  July  . 
1908  !  May. 
1904     JtUy  . 


4.«0 

.').  (50 
5.30 
T.T() 

K.HO 

:>.t5() 
11.(1) 
10.  ao 

10.  (KJ 

17. «) 
38. 75 
20. 75 


January 

Septeml»er,  ()<•-  I 
I      t<)lH»r,  and  D«»- 
cemlH'r. 

Septemljer  and 
De<'«'mlK»r. 


0.20  I 


907 

787 


0.016 
.013 


013 


28, 
28. 

5:j. 

58, 
28, 

24 
25 


1*90  , 
1!*0 

308 
(KM)  I 

snx)  I 

250 

898  I 
(NX)  ' 


81.400  1 
221,000 

i:)i).ooo 


.4H4 
.471 
.891 
.JMi9 
.484 
.517 
.425 
.427 

i.:i9 

3.77 
2.22 


.Tanuary 

D«M'««mlK»r 

do 

<  )ctolK'r 

February  

July,       AuK»Mt, 
and  Niivember. 

March 

October 


.  75 

098 

.012 

1.70 

562 

.01194 

2.25  1 

507  , 

.0085 

1.90 

1,750 

Am 

2.20  [ 

2,8:^0 

Am 

2.00 

275 

.0iM7 

1.80 

1(K) 

.(K)17 

3.(K)  ■ 

2.375 

.041 

*  Drainage  basin  50,841  square  miles. 


*  Drainage  ImKlu  r>K,r\T>v>  ^i<\\\tvT«fe  \o>\«ft>i». 


70 


DESTfiUCTlTE   FLOODS   11^   UNITED   STATES    IN    190f.       IxtKliL 


¥lXK)m>  NE-Ml  Tfil'EltA,  KANB. 

Gage  height. — At  the?  time  of  tht^  July,  1004,  flood  there  wer^  tbr^ 
river  i^H^'t?*^  at  Topi^ku,  twt>  IxOdnging  t*»  llir  l^iiitiHi  Slaters  GtHilygial 
Survt'V  and  one  UJonging  to  thi»  Woltf  Packing  Company,  One  of 
tlu^  United  Shik*?'  ^ap^s  was  un  n  pier  uf  the  IlcK:k  Island  R»ilwij 
l>ridgt*  anti  the  til  her  wan  *in  ii  pit^r  of  the  Santa  Fe  Riiilway  bridgie. 
Each  coimiisted  of  ftjot  and  tenth  iimrkH  painted  on  the  side  of  a  pm. 
Tilt'  WoltT  l*at'king  (Virnpnny  i^age  I'orisi^ted  uf  a  vertical  timb»f 
luarktHi  to  feet  and  tenths  and  fastene<l  to  tlu*  right  bank  of  the  rirer 
near  their  pttt'kiiig  hcnn^\  The  loentiun  of  these  gages  Ls  shown  in  J 
fig.  8.  Tht^  n*iiilings  of  thr  Wolff  pig«*  an»  given  on  pn^f  (>2,  Tli#^ 
readings  of  the  United  States  gage  on  the  Rock  lahmd  Ilailwaj 
)>ridge  ar*^  given  txdow. 


Otttfv  hfiithi,  in  ftrL  *>/  Kanftag  WfrfT  of  Xnt'th  Topeka^  Knnn.,  -Waj/  MH  to  ^um\ 


D»te. 

Timet. 

i^S^t. 

D«te, 

Tljwfc 

.% 

y^t. 

Pm. 

May  3ft. ^,..-.. 

7.4jlii.m     -. 

e.7 

June  & 

t.8(Jp,  m.... 

f.l 

l.Sflp.  m 

\    e,5s 

Jnne  10  . 

7.45  a,  m  ..., 

§.P 

Uny  2d  ........ 

7M  a.  m       . 

tU3 

l.:«l|i.  in.... 

10.1 

3p,  TTl 

1   tn.n 

Jttne  35  .    

7.45  a.  m 

tut 

May  m..  . ., 

■'i  a.  ui 

t8.0 

1.30  p.  m,._ 

118 

l.m>p.  m.    . . 

17.1 

Jime3e-._   .., 

B.15a.  m__ 

ILl 

May  HI   ___.... 

7  Ah  i\.  m 

I2.« 

3  p.  m , 

lefl 

\Mp.  ni    . 

1L95 

June  27 , 

8.15  a.  m    .  _, 

15.9 

June  I  .^  ----^- 

7 Ah  1*.  in 

10.8 

3  p.  m. 

15.5 

L:tn  jj.  in 

10..1 

Jnne  28  ,-,,..  . 

8a.  m...... 

HA 

Jiiue  2  .*.♦.  . », 

7+45  iu  in 

11.4     i 

jTiiie29 

7.4rj  a.  m 

ia.7 

Kaoixni 

il.H 

June  30 

7.45  a.  m 

It.T 

JimpH ..... 

7*4fi  a*  m 

1^.3 

July  1 .-, 

7.45a.  m... 

13.3 

1 XO  p.  m 

12,^ 

July  3 

8  a.  m ..-.., . 

U.7 

Juua  4  ,..,.^.^. 

lATi  a,  m . 

13. 0 

July  3 ,. 

8  a.  in .     . ^ 

ma 

l.iJO'p.m. 

id.i 

July  4 

fl,45a.  m    ... 

10.  s 

JlUl^t'^  ..,,,,... 

H.15  a.  m 

13.7 

July  5 .  _  . . 

7 Ah  a^  in  _.. 

10.5 

2A'0p.  m_.. 

12.  S 

Ju3yfi__.. 

T  a.  m . ,  _ 

16-1 

June  CI  ..,*..     . 

7.45  a.  m   -  . 

13.  U     , 

1.30  p.  Ill 

18.  S 

Lao  l^.  m... 

ia.3   ' 

July  7 ... 

6  a,  m 

33.3 

June  7  -_,,.*,.- 

7.45  a,  Hi 

ILl     ; 

7p.  m. 

31.8 

1.3*)  p.  m_  _. 

10.1    ! 

1 

July8___,.„_ 

7.45  a.  m.-.. 

19,8 

Jtiii«4J...._ 

7*4ri  a,  m . 

itkl    : 

5.l»p.  m.-.. 

19.0 

l.mp,  m  .- 

to  J) 

Jtily9_.._....J 

7a.  m....... 

18.0 

Jime9 

7.45  ».m 

e.l 

5p.iii - 

18.3 
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Gage  height,  in  feet,  of  Kannas  River  at  North  Topeka,  Kans.,  1904 — Continued. 


Date. 


July  10- . 
Jiily  11- . 
July  12.. 
July  13-. 
July  14- . 


Time. 


hei^. 


Date. 


t  a.  m . . . 
5  p.  m  -  -  - 
7.30  a.  m 
5  p.  m... 
7a.  m... 
5  p.  m. .. 
7.45  a.  m 
1.30  p.  m 
7.45  a.  m 
2  p.  m . . . 


Feet. 
17.4 
17.0 
16.7 
16.0 
14.0 
14.0 
13.7 
13.8 
13.7 
13.7 


July  15. 

July  16. 

Ju'y  17- 

July  1ft. 

Ij  July  19. 
IJ  July  20. 


Time. 


Gase 
leight. 


heig] 


7.45 
2  p. 
7.45 

2  p. 
9  a. 

3  p. 
7.45 
2  p. 
7.45 
7.45 


a.  m I 

m 

a.  m 

m 

m.. 

m 

a.  m 

m 

a.  m 

a.  m 


Feet. 
12.9 

12.7 

12.2 

12.0 

11.6 

.    11.2 

10.9 

10.5 

9.7 

8.6 


The  flood  reached  its  height  on  July  7,  for  a  reading  of  about  22.8 
feet,<»  or  about  17.8  feet  above  low  water.  The  elevation  of  the  high- 
water  mark  of  1903  on  the  engine  room  of  the  Wolff  Packing  Com- 
pany is  902.63  feet  and  of  the  1904  flood  890.44  feet,  so  that  the  high 
water  of  1903  was  about  0.2  feet  higher  than  the  high  water  of  1904 
at  this  place.  The  former  flood  came  to  the  top  of  the  rail  of  the 
Santa  Fe  Railway  bridge  and  was  about  43  inches  in  depth  on  the 
rail  of  the  Rock  Island  Railway  bridge.  The  latter  flood  reached 
the  under  surface  of  the  Rock  Island  Bridge  and  took  out  the  false 
works  of  one  span.  There  was  therefore  a  difference  of  only  0.2  feet 
in  the  elevation  of  the  crest  of  theses  floods  at  Topeka,  whereas  there 
was  a  difference  in  elevation  of  the  crest  at  Lecompton  of  8.5  feet. 

ObHtmctionH  in  channel, — During  the  flood  in  1904  two  cableways 
that  had  been  used  for  lifting  sand  from  the  bed  of  the  river 
were  in  the  river  bed  with  the  ends  fastened  to  the  trees  on  shore; 
these  collected  drift  and  retarded  the  flow.  Some  distance  farther 
downstream  was  a  Melan  arch  bridge,  with  its  large  piers  and  small, 
low  arches,  in  front  of  which  large  quantities  of  drift  collected.  A 
few  feet  above  this  bridge  were  the  ruins  of  a  pile  bridge  destroyed  by 
the  1903  flood,  and  about  50  feet  lx»low  was  a  second  pile  bridge,  the 
bents  of  which  were  30  feet  apart.  These  three  bridges  so  near  to- 
gether and  of  such  small,  short  spans  collected  the  drift  and  formed  a 
dam.  The  Melan  bridge  (fig.  7)  has  5  arches,  the  central  one  having  a 
span  of  124  feet,  the  two  adjacent  spans  of  110  fe^t,  and  the  other  two 
spans  of  96  feet.  The  waterway  below  the  spring  lines  of  these  arches 
was  about  9,600  *  square  feet.     This  is  only  about  40  per  cent  of  the 

•  This  reading  may  be  In  error  one  or  two  tenths  of  a  foot  on  account  of  Its  being 
Impossible  for  the  reader  to  KPt  near  the  jraee.  one  span  of  the  bridge  having  washed  out. 
^  Result  based  on  soundings  taken  July  19,  1004. 
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Fiualkv^t  area  fmnul  jHHVKs*iry  to  pa*48  lh<*  1ft 03  floorl  at  Lecompioa, 
and  unly  5t;  pt^r  ceut  of  tiit^  watcTway  oecetssary  to  pa^  the  UHH 


MtitB.  Am*  a^iito 


Flo.  T.     Ckwb  pwUnn  nf  Kau^Afl  River  nt  Mel  an  ml^li  brld^,  Tup^kn.  Kjuii. 

flooiL     It   i^  I  it  lit*  wondc^r  that   the  left   abutment   of  tlib  liritige 
wvLh  vrasshcd  out  hi  the  VM\  flt><jtl,  as  shown  in  PK   VI,  ,1^  and  s 


TOPtttA 


Fio.  8. — Kansas  Hivor  and  flooded  area  in  vicinity  of  Melan  arch  bridge,  Topeka,  Kan&. 

very  lar^ro  area  of  the  city  flooded.  It  seems  almost  incredible  that 
this  city  should  have  allowed  a  pile  bridge  to  be  built  in  this  alre^idy 
restricted  part  of  the  channel,  and  especially  should  have  allowed  a 
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WATER-SUPPLY    PAPER   NO.    147      PL.  VI 


CHANNEL  SCOURED   BY   KANSAS  RIVER  AROUND  THE  ABUTMENT  OF  THE 
MELAN   BRIDGE,  TOPEKA.   KANS. 
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second  one  to  be  built  at  this  place  after  the  complete  destruction  of 
the  old  pile  bridge  and  of  part  of  the  Melan  bridge.* 

Fig.  8  shows  the  location  of  the  bridges  and  gages  at  Topeka,  a 
part  of  the  flooded  area,  and  depth  of  overflow.  Topeka,  like  Law- 
rence, is  located  in  a  bend  of  the  river,  and  during  great  floods  the 
river  cuts  across  these  bends  and  floods  large  areas  of  lowland. 

FLOOD    NEAR    MANHATTAN,   KANS. 

The  daily  gage  heights  and  corresponding  discharge  of  Blue  River 
near  Manhattan,  Kans.,  during  the  flood  of  1904  and  also  during 
that  of  1903  are  given  in  the  table  on  page  75.  It  would  seem 
that  the  flood  reached  its  maximum  stage  on  July  G  for  a  gage  height 
of  22.8  feet  and  the  discharge  of  23,160  second-feet.  This  stage  is 
13  feet  less  and  the  discharge  only  about  one-third  of  that  during 
the  1903  flood  at  this  place. 

FLOOD    NEAR   JUNCTION,    KANS. 

The  following  readings  of  the  United  States  Geological  Survey 
gage  on  the  highway  bridge  over  Republican  River  at  Junction  show 
the  fluctuations  of  the  surface  of  this  river  during  the  June  and  July 
floods  of  1904. 

Gage  height,  in  feet  of  Republican  River  at  Junction,  Kans.,  June  H  to  July 

11,  1904. 

[Gage  at  highway  bridge  near  pump  house.] 


Date.  ,    9  a.m.       4  p.m.    \  Date. 


June  U 4.8         4.75  June  28 . 

June  15 4.4         8.6  ,  June  29. 

June  16 10.7  10.4  ,  June  30  . 

June  17--- -I        8,9         8.4  ,  July  1  . 

June  18... ...;        7.3         6.8  ,  July  2  . . 

June  19 1        6.4         5.8  |July3-. 

June20 5.4         5.5  July  4  . . 

June  21 5.6         5.7  ,  July  5  . . 

June22.     '        6.0         6.1  '  .July  6  . . 

Juue23 '        6.1         5.7  '  July  7  . . 

June  24 '        5.5,       5.6  July  8  . . 

June25 11.8  12.3  July  9  . . 

June  26 13.0,  12.7  '  July  10  . 

June27 11.4  10.5  Jnlv  11  . 


9  a.  m. 

4  p.  m. 

9.2 

8.8 

7.9 

7.6 

7.6 

7.2 

6.7 

6.4 

6.1 

6.0 

5.7 

5.7 

7.0  ' 

6.7 

10.8 

10.5 

10.0  ' 

9.8 

10.5 

10.4 

10.1 

9.1 

t .  t 

7.4 

1 .  t 

7.4 

«.4  1 

6.4 

•  Since  ttfe  above  was  written  two  arches  have  been  added  to  the  Melan  steel-concrete 
arch  bridge,  thus  Increasing  the  channel  width  aL>put  150  feet.  The  street-car  bridge 
supported  on  piles  has  been  replaced  by  a  steel  bridge  supported  on  metal  piers  placed 
directly  back  of  the  piers  of  the  Moinn  brldre.  I.evees  are  l)elug  Iniilt  along  the  Kansas 
River  and  Soldier  Creels  to  prevent  overflow. 
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^"  The*^  nmdiiif::^  ghow  that  the  highest  vrutcr  in  Jtily  occurnn!  <iri  ^ 
nth,  thi*  giigi*  height  iKMiig  10,8  fi*et,  or  nbom  7 A  fiK*t  lest*  thiin  tbi 
hijLrliest  jrading  ut  this  plmx^  in  lOTl  The  June  Hood  tjf  ItMM  i 
givater  at  this  s^tation  than  the  July  fltMHl,  tlie  tnn\irriuni  g'agi*  n^jidit^ 
Mug  IH  fvH  on  June  2fn  as  enuipaivd  with  HK8  ff»t*t  tni  July  T^  ^Fhl 
Hock!  of  lSH>»i  rut  a  j^halhuv  ehannt*!  annind  the  left  appr^mcii  to  thi 
bridge.  Tlie  June  II<hm1  of  1004  widened  and  deejwried  this  new  clmii^ 
nel  so  that  in  Augn^^t,  iU()4,  it  was  aliout  IHO  f(H*t  wide  and  nearlj 
dwp  a;^  the  main  ehannel  The  flow  in  this  new  channel  t-nterw  tlm 
main  ehannel  a  ^hort  distanee  l)e1ow  tht^  statioiit  and  han  a  marked 
n^lardiiig  etfeet  im  the  tlew  iu  the  main  rlianneL 

tThe  July  flood  on  8nmky  Hill  Kiver  at  Junction  was  tntich  hiri^f 
an  that  on  Re|>ubliean  River.     There  is  no  gngt*  on  the  Snu>kv  Hill 
at  this  plaee,  but  frt^ni  the  high- water  marks  in  Mr,  Ho^tiTs  niiJ]  j4 
is  found  that  the  erest  of  the  July  fUaal  of  1\HU  was  only  5  lueJieri  It^, 
than  the  rrest  of  tlie  flood   lu    n>0:V     Nearly  as  much  dnriia^*  wis 
done  by  the  1-HM  fltjod  as  by  the  earlier  one,  the  water  in  UHM  appear- 
ing tn  liave  a  gn^ater  velocity  and  a  greater  scouring  efl'ect  than  that 
of  the  VA()*\  flood.     The  macadamized  road  from  the  cit3^  to  this  jaill 
was  batliy  danj!igi*d  by  tlie  scour. 

^m  FlX>OD    ?fKAR   SOLOMON^    KAN8. 

FhietiiatiouH  of  the  water  .surface  at  Solomon  are  sliown  by  tJw 
following  readings  of  the  United  States  Cieological  Survey  gage: 
fhifff  hvif/fif  on  Sttinktt  HiU  River  fit  Soiomon,  Katm.,  Jnve  and  Juf^,  I9n\. 


Date. 


TimH. 


Jtiiie  4  .  «.-=  ^^_ 8  u*  111 

I  7  p.  m. ._ 

June  ~j    ^.|  10a>m.. 

I  7  p.  in. .. 
June  0    0.:J0  a.  m 

IM  p.  m 
June  7 0  a.  in  -    . 

7.80  p.  m 

June  H . .    1 1  a.  m  . 

June  t?r) 11.8()ii.ni 

8  p.  m 
June  '27 7.80  a.  m 

7  p.  Ill-  -. 
June  28 8  a.  m    . . 

8  p.  m 
June  29 7.30  a.  m 

;  8  p.  m. 
June  80 7  a.  in 


beigbt. 

15. 5 

17.4 
18.9 
10.8 
21.1 
22.0 
22.6 
22.7 
20.6 
19.5 
21.6 
28.  8 

28. 6 
28. 0 
22.1 
20.7 
19.8 
15. 6 


Dat(9. 


June  M . 
JnlyH  .. 

JnlyO... 


Julv 


Time. 


I  IK  m.  ... 
10 a,  m... 
U  a,  HI... 

^30  p.  m. 

j  7.30a.  in. 

I  6p.  m j 

July  8 I  8.80  a.  in    .1 

'  8p.  m \ 

July  9 9a.  m 

5  p.  m 

July  10- 11  a.  in 

8  p.  m 

July  11 8a.  in 

I  6.80  p.  m-. 

July  12  ..   J  6.80a.  m.. 

July  18 7  a.  m 

July  14 11  a.  m 

July  15 11  a.  m 


iri.i 

!(>.» 

2.5.4 
26.4 

27.0 
27.5 
27.8 

27.8 
27.9 


27.9 
27.7 
26.9 
25.0 
21.8 
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Mr      The  above  records  show  that  there  were  two  rises  in  this  river  in 

u-  June — one  that  reached  a  maximum  on  June  7,  with  a  gage  height 
a    of  22.7  feet,  and  the  other  that  reached  a  maximum  on  June  27,  with 

m  a  gage  height  of  23.6  feet.  The  July  flood  reached  its  maximum  on 
jr  July  10,  for  a  gage  height  of  27.9  feet.  The  highest  gage  reading  at 
-^  this  place  in  1903  was  32.5  feet — that  is,  4.0  feet  higher  than  the 
__.f  highest  reading  in  1904.     The  high  water  of  1904  only  covered  the 

•  highest  bottom  lands  and  did  little  damage  as  compared  with  that  of 
-  r,   1903.     This  high  water  came  mainly  from  Smoky  and  Saline  rivers, 

..   Solomon  River  not  being  especially  high. 

COMPARISON    OF    FLOODS   OF    1903   AND    1904. 

-^        From  the  table  on  page  67  and  fig.  G,  page  68,  it  is  seen  that  Kan- 
:»•    sas  River  was  flowing  at  a  rate  of  98,000  cubic  feet  i)er  second  or 
-    more  for  thirteen  consecutive  days  in  1903,  and  the  discharge  was 
=*  greater  than  this  on  only  two  consecutive  days  in  1901.     The  maxi- 
^   mum  daily  rate  of  discharge  in  1903  was  about  70  per  cent  greater 
"^    than  that  in  1904.     The  total  volume  discharged  by  the  river  for  the 
thirteen  days  when  the  flow  was  greatest  in  1903  was  two  and  one- 
half  times  more  than  for  the  thirteen  days  of  greatest  flow  in  1904. 
Oiige  height  and  discharge  of  Blue  River  near  Manhattan.  Kans.,  May  27  to 
June  8,  1903,  and  June  2^  to  July  /7.  190.^, 


Date. 
1903. 


I  I 

b^gil     I>i«charge.  '  Date.  i  j^^^f^    |  DlHc-hargo. 


May  25 
May  26 


Feet.     '  Sec-feet.                        1904.                   j  Keet.      \  Sec-feet. 

27.50  1  46,670      June  28 j  11.90  1  7,020 

25.00  i  40. 170  '  June  29 10.10  4,8(H) 

May27-. |    30.50  54, 470  ,  June  30 15.60  12,360 

May2H I     32.00  58, 370  '  July  1  . .          '  14.60  '  10,860 

May  29 «33.50  '  62,270      July  2 I  10.40  5,150 

May30... ..«34.80  65,650      July  3    . .        1).  10  i  3,730 

May31.. .  «36.00  68,770      July4  ... 10.00  5,380 

June  1 «35.00  66,170      July  5    12.00,  7,980 

jTine2 '«33.80  63,050      July  6      . .  22.80  23,160 

Jnne3 !     32.50  59.670      July  7  .      19.90  IH.HIO 

June4 -..,    30.00  I  53,170      Julys      ..    '  17.90  15.810 

June  5.   27.00!  45,370      July  9 IT).  00  12.960 

June6 ....'    25.50  I  41,470      July  10 .  14. so  11,160 

June7 21.50  I  23.9(K)      July  11 13.40  9.100 

Junes 17.50  I  15,900      July  12 .1  12.40  7,700 

1904.                '                I                       July  13            1  12.70  8,120 

June^i 8.30  1  2,970      July  14 !  11.40  6,360 

Juxie26 I5.20I  11.660      July  15 10.50  5,260 

•^Oxie^C 15.10  11,510      July  16 9.80  4,470 

•^0X1^^7 1     12.50  7,840      July  17 9.50  4,140 

•  Maximum  gage  height,  '.iO.oO  leel. 
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From  the  preceding  table  it  can  be  seen  that  the  Blue,  near  Manhat- 
tan, was  discharging  at  the  rate  of  40,000  second^feet  or  more  for  thir- 
teen consecutive  days  in  1903,  while  at  no  time  during  the  flood  of  19(M 
was  the  flow  of  this  river  24,000  cubic  feet  per  second.  The  mas- 
mum  daily  rate  in  1903  was  68,770  second-feet,  and  in  1904  it  wis 
23,100  second-feet. 

The  Smoky  Hill  at  Ellsworth  had  a  maximiun  daily  flow  of  more 
than  3,000  second-feet  on  six  days  in  1903,  but  reached  that  amount 
on  only  three  days  in  1904. 

Oage  height  and  discharge  of  Smoky  Hill  River  at  Ellsworth,  Kann.,  May  ii  fo 
June  8,  1903,  and  June  24  to  July  16,  1904. 


Date. 


1008. 


i.  May  25 
<  May  20 
May  27 
May  28 
May  29 
May  80 
May  81  . 
Jnne 1 . 
June  2 . 
June  3 . 
Jnne  4 
June  5 . 
June  6 
June  7 
June  ^ 


1904. 


June  24   . 
June  25 .  . 
June  2(i . 
June  27 . . 


G«ffa 
Leigiit. 


heigl 


8.00 

5.00 

8.80 

15.40 

16.00 

18.80 

10.20 

7.70 

7.00 

5. 40 

4.80 

4.40 

4.30 

3.90 

3.00 

1.40 
3.30 
2.15 
1.90 


Diaoluurere. 


1 


Src.'/eet. 

557 

1,885 

710 

10,866 

11,892 

9,466 

6,180 

4,oa5 

8,410 
2,129 
1,690 
1,410 
1,342 
1,075 
883 

62 
709 
224 
155 


Date. 


Oage 


1904. 


June  28. 

Jtiiie29. 

June  80. 

Julyl  .. 

July  2 . 

July  8 . . 

July  4 . 

July  5  - 

July  .6- 

July  7  . 

July  8    . 

July  9  _ 

July  10  - 

July  11  . 

July  12  . 

July  13  . 
i  July  14 
I  July  15  - 
I  July  16  . 


fVe#. 

Ser.-fni. 

1.70: 

110 

2.80 

n 

3.20 

m 

5.50 

3,805 

7.60 

S,» 

4.80 

1,440 

3.60 

8» 

2.70 

433 

10.40 

6.300 

6.60 

3.07.1 

4.40 

1.410 

4.80 

1.690 

4.00 

1,141 

3.40 

7<>:> 

3.10 

fi07 

2.90 

510 

1.70 

lift 

1.50 

7fi 

1.35 

:^ 

DA^IACJE    DONE    BY    FUJOD. 

The  damage  caused  by  tlie  1004  flood  along  Kansa.s  River  was  ven' 
imic-h  less  than  by  the  flood  of  1J)03.  This  was  due  to  three  cau;*?: 
First,  the  flood  height  was  from  5  to  8  feet  greater  in  tlie  1903  flood 
than  in  that  of  1J)04,  and  consequently  the  area  submerged  was  very 
nuich  greater.  The  areas  submerged  in  Kansas  City  during  these 
floods  are  shown  in  PI.  V  (p.  G-t).    Second,  the  proi)eity  in  the  over- 
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flow  area,  especially  in  the  cities,  was  less  in  1904  than  in  1903.  Only 
a  few  of  the  buildings  that  were  swept  away  or  destroyed  by  the 
1903  flood  were  replaced.  Third,  tlie  people  living  along  this  stream 
heeded  promptly  the  warnings  of  the  approach  of  a  flood  issued  by 
the  United  States  Weather  Bureau  in  1904  and  conveyed  movable 
property  out  of  reach  of  the  waters. 

The  crops  on  the  low  land  along  the  river  were  destroyed,  and  the 
lateness  of  the  flood  prevented  the  maturing  of  a  second  crop;  in 
this  respect  the  1904  flood  was  more  injurious  to  farmers  than  that 
of  1903.  Some  of  the  best  corn  raised  in  Kansas  in  1903  was  raised 
on  the  bottom  land  along  the  Kansas  that  was  overflowed  in  the 
May  flood  of  that  year. 

Very  few  bridges  were  destroyed  in  the  1904  flood,  and  the  damage 
to  railroads  along  this  river  was  comparatively  small.  J.  C.  Bye, 
resident  engineer  of  the  Union  Pacific  Railroad  at  Kansas  City, 
stated  to  the  writer  that  the  loss  sustained  by  the  Union  Pacific 
Railroad  Company  along  this  river  was  about  $l,i250,000  in  the  1903 
flood  and  about  $75,000  in  the  1904  flood,  or  only  about  6  per  cent 
of  the  former.  This  jx»rcentage  probably  represents  approximately 
the  losses  of  the  other  railroads  doing  business  in  Kansas  River 
Valley  during  these  floods. 

The  loss,  risk,  and  inconvenience  suffered  by  the  cities  and  towns 
along  the  river  for  lack  of  water  for  drinking  and  fire  purposes,  and 
the  lack  of  illuminating  gas,  electric  light,  and  power  was  very  small 
during  the  1904  flood  as  compared  with  that  of  1903. 

PREVENTION    OF   FLTITRE    DAMAGE. 

The  remedy  for  overflow  and  damage  resulting  therefrom  along 
this  river,  as  state<l  in  th(»  flcxxl  report  in  1903,  is  the  rapid  removal 
of  the  flood  water  from  the  drainage  basin  and  the  protection  by 
levees  of  the  lowlands  from  overflow.  The  natural  width  of  the 
river  of  about  850  feet  has  IxH^n  reduced  to  000  feet  in  many  places, 
and  in  one  place  to  420  feet ;  that  is,  by  more  than  50  per  cent  of  its 
width.  The  bridges  are  constructed  on  piers  founded  on  piles  with 
rock  filling  around  them  that  prevent  the  natural  deepening  of  the 
channel  during  a  flood.  A  greater  numlx^r  of  piers  are  used  than  is 
necessary,  and  against  these  piers  drift  collects,  forming  a  dam 
that  retards  the  flow  of  the  stream  and  causes  overflow  of  the  low- 
lands. The  channel  in  places,  notably  Kansas  City  and  Topeka,  Ls 
more  or  less  clogged  with  wreckage. 

The  measures  declared  necessary  l)v  the  board  of  army  engineers 
for  pi'eventing  the  recurrence  of  another  flood  of  the  magnitude  of 
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that  ill  1 1*0:1  {^*e  pp.  G5^*jG)  nVi"  ^^xJJeu^ivt^  Majiy  iriijK>rtiinl  imlu^ 
Irit's  lujvt^  Ihvii  nllowcd  tu  Ux^ik-  an  the  banks  of  this  riwr  nm)  hi 
iToach  in  itH  natural  widtli.  To  rondemii  land  on  each  .side  of  th 
strLnini  in  ttu*  ntlos  sufficknit  to  lo-storc  to  t\w  stream  it.s  niitural  wiiUli 
would  dt*ht ruy  tlu^st*  indiistrio-s.  Tin*  huiJding  of  niasoiir>'  wall^  013 
each  isidt*  of  tho  stivam  through  Kmisai^  City  and  the  nec^^isisarv  eJen^ 
tiorj  of  hri(lp*s  I0  tlu'  lu'i^ht  uf  tlu*S4.'  wallss  will  necessitatt?  the  niij^iTi^ 
of  ail  llu"  railroaJs  in  the  low  part  of  Kansas  City  and  will  be  vejj 
oxpensi\Hf, 

Insk*aJ  of  wideiunjOf  ihk?  (*hannel  to  it8  original  dimeni^ionN  if  i^ 
suggested  that  an  ovtufluw  channel  Ix^  constructed  to  niri*]^'  the  fl<W 
wntei-s  pjust  Kansas  City.  This,  however^  h  simply  a  d4*taiL  Tbe 
remedy  for  oveHlow  ih  Hufliciently  clear,  namely,  an  adflitional  water 
WHy  sidFicient  lo  cany  off  HikxK  The  most  satisfactory  m\il  4**^^ 
noToical  means  of  seen  ring  this  additional  waterway  is  a  local  prob- 
lem that  requires  much  litudy. 

NEOSHO  RIVER  FLOODS. 

Th<^  HHH  ftoiHl.s  un  Ncfishu  River  were  greater  in  number^  height. 
and  (lesf rueti\'euess  than  ever  known  iH^fore  on  this  struani.  The 
flood  of  1S85  was  the  largest  prior  to  that  of  1004.  Altliough  then? 
an*  nf>  definite  nn^^orfls  of  the  height  renehed  by  the  1S>04  flood,  therr 
ujv  quite  a  number  of  well-defined  flm»d  marks  along  the  river^  whiHi 
show  that  the  ciTst  of  the  flimd  of  July  10,  1004,  x'eached  a  height  of 
about  1  foot  gixjater  than  tluit  of  tlie  1885  flcmd. 

STREAMS    AND   DILVINAOE    liAQIX- 

Neosho  River  rises  in  the  northern  part  of  Morris  County,  Kana^ 
flows  in  a  s*nitheasterly  and  southerly  direction  through  Kansas 
and  Imiiiin  Ten-itory,  Jind  empties  iulo  Arkansas  River  near  P\>rt(iib- 
Fon,  Iriil.  r.  In  m  iHivi't  rtmrse  this  river  haina  length  <)f  alnait  2ri0  mile's, 
but  the  distance  along  the  bed  is  much  greater,  as  this  is  very  crooked. 
It  falls,  in  a  distance  of  about  1*^0  miles,  from  an  elevation  of  aljout 
1.500  feet  near  its  source  to  SOO  feet  at  a  point  about  27  miles  north  of 
the  Kansas-Indian  Territory  line,  and  from  this  point  to  the  month, 
a  distance  of  110  miles  in  a  straight  line,  it  falls  about  800  feet.  It 
drains  a  long,  narrow  stretch  of  land  just  east  of  Verdigris  River  and 
west  of  Osage  and  Wiite  rivers.  A  profile  of  the  river  obtained 
from  the  atlas  sheets  of  the  United  States  Geological  Survey  is  as 
follows: " 


«  Water-Sup.  and  Irr.  Taper  No,  44,  U.  S.  Geol.  Survey,  1901,  p.  66. 
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Elevations  on  Neosho  River. 


Distance 

from  mouth 

in  miles. 

Height 

above  sea  in 

feet. 

Fall  per 
mile  in  feet. 

0 

470 

12 

500 

2.5 

42 

550 

1.7 

69 

600 

1.8 

177 

800 

1.8 

206 

850 

1.7 

22S 

900 

2.3 

255 

950 

1.8 

I             274 

1.000 

2.6 

1            296 

1.050 

2.3 

810 

1,100 

3.6 

326 

1.200 

6.25 

346 

1 

1,500 

15.0 

Lo<»lity. 

Month - . 

Markham  Ferry,  Ind.  T 

Above  Oswego,  Kans 

Hnmboldt,  Kans 

Leroy,  Kans 

Ottnmwa,  Kans  . .   

Emporia,  Kans 

Conncil  Grove,  Kans 

Head...     


As  compared  with  the  Verdigris,  Neosho  River  rises  about  40  miles 
farther  north  and  at  about  100  feet  greater  elevation.  They  flow 
in  nearlj'  parallel  directions  and  empty  into  Arkansas  River  only  a 
few  hundred  feet  apart.  The  Verdigris  falls  more  rapidly  in  its 
upper  course  than  the  Neosho,  reaching  the  State  line  at  an  eleva- 
tion of  080  feet,  falling  720  feet  in  about  151  miles.  The  Neosho  falls 
more  gradually,  reaching  the  State  line  at  an  elevation  of  about  770 
feet,  falling  730  feet  in  al)out  207  miles.  From  the  State  line  the 
Neosho  falls  al>out  270  feet  and  the  Verdigris  about  IHO.  As  a  result 
of  the.se  differences  in  the  topography  of  the  watershed,  the  Verdigris 
flows  in  a  narrow,  deep  channel  while  the  Neosho  is  wider,  has  lower 
banks,  and  is  subject  to  overflow  in  many  places,  notably  near  Cha- 
nute,  Kans.  Near  the  mouth  the  differences  are  more  marked.  The 
Verdigris  is  deeper,  250  feet  wide,  and  sluggish,  with  scarcely  a 
perceptible  current  at  ordinary  stagi^  of  water.  The  Neosho  is  from 
000  to  800  feet  wide,  is  shallow,  and  has  a  fairly  rapid  velocity. 

The  principal  tril>utaries  of  the  Neosho  are  the  Cottonwood,  which 
enters  it  from  the  west  near  Emporia,  and  Spring  River,  which 
enters  it  from  the  east  a  little  south  of  the  Kansas  line. 

The  area  of  land  flooded  along  this  river  is  large  compared  witb. 
the  size  of  the  stream.  This,  in  fact,  is  true  of  all  the  streams  in 
the  southeastern  part  of  Kansas.  They  have  little  fall  and  are 
very  -crooked.     The  water,  instead  of  running  off  quickly,  is  held 


i 


IV»vt'k,  overflow?*  the*  l>jinks  spreads  mit  over  th*>  rivrr  botff»tit  Ut  % 
widtU  in  places  of  fTOin  4  to  5  niiles^,  TIic  ^verngf^  full  of  the 
stream  fi'om  Emporin  to  the  mouth  is  less  than  2  feet  per  mUa,  tQ4 
there  are  stretches  of  ^0  miles  where  the  fall  i.^  only  1.7  feet  per  mite. 


DESTRUCTIVE    FLOODS   IN    UKITKD   STATKS    IN     IIM>I- 


(mlC. 


Fig.  9. — Drainage   basins   of  southeastern   Kansas. 


*fo^ 


There  are  stretches  of  10  miles  where  the  river  is  so  crooked  that 
tlie  length,  measured  along  the  river,  is  more  than  twice  that  in  a 
direct  course.  These  numerous  bends,  together  with  the  trees  that 
grow  thickly  to  the  water's  edge  in  some  places,  reduce  the  already 
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nnall  slope  of  the  stream  so  much  that  its  effective  vahie  is  probably 
not  more  than  IJ  feet  per  mile. 

The  upper  part  of  the  watershed  is  hilly  pasture  land,  from  which 
he  water  flows  rapidly.  The  central  and  lower  part  is  rolling  cul- 
ivated  land.  There  are  no  forests  on  the  watershed,  but  narrow 
;trips  of  trees  are  found  along  the  greater  part  of  the  stream. 

DISCHARGE  AND  RUN-OFF. 


A  gaging  station  was  established  on  this  stream  August  1,  1895,  at 
I  highway  bridge  about  1  mile  west  of  lola,  a  short  distance  below 
I  dam.  The  channel  is  straight  for  several  hundred  feet  above  and 
i>elow  the  station,  and  the  bed,  though  stony,  is  quite  permanent. 
Both  banks  are  low  and  subject  to  overflow  during  flood,  especially 
the  right  one.  The  following  table  gives  the  maximum  and  minimum 
jriige  height  and  corresponding  discharge  for  the  years — 1896  to  1903 — 
that  this  station  was  in  operation.  The  maximum  flow  is  seen  to 
)e  very  large  and  the  minimum  flow  very  small.  For  sixty  days 
in  1890  and  for  one  hundred  and  twenty  days  in  1897  the  stream  was 
almost  dry,  the  discharge  being  only  1  cubic  foot  per  second. 

Estimated  monthly  discharge  of  yeosho  River  at  Iota,  Kans, 
[Drainage  area,  3,670  square  miles.  1 


Month. 


1896. 


January  .. 
February  . 

March 

A-pril 

May 

Tune 

July 

A.ugust  ... 
September 

3ctober 

November 
December . 


Discharge  in  8efx>nd-feet. 


The  year 45, 560 


Maxi- 
mnm. 


275 

275 

125 

15,025 

45, 560 

5,048 

7,890 

800 

10 

225 

2,290 

445 


Mini- 
mum. 


100 

75 

20 

50 

160 

250 

125 

10 

0 

0 

5 

20 


Mean. 


Total  in 
acre-feet. 


0 


125 

114 

61 

2,708 

10,273 

905 

1,278 

58 

6 

11 

245 

88 


1,322 


7,686 

6,557 

3,751 

161,187 

631,666 

53,851 

78,581 

8, 566 

357 

676 

14,578 

5,411 


Run-oflf. 


Depth  in 
inches. 


0.03 
.03 
.02 
.82 

3.23 
.28 
.40 
.02 
.002 
.003 
.07 
.02 


Second- 
feet  per 
square 
mile. 


967,817        4.925 


0.03 
.03 
.02 
.74 

2.80 
.25 
.35 
.02 
.002 
.003 
.07 
.02 

.36 


IBB  147 — 05  M- 
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timated  monthly  discharge  of  Seosho  River  at  lola,  Katis, — Coutiuued. 


Dischargre  iu  Recond-feet. 


I 


Month. 


Maxi- 
mum. 


1899. 

ry  - ,  450 

ary  .   - 4,020 

I 12,290 

'  1,825 

5,620 

i  22,191 

.     .  21,365 

630 

I  305 

I  145 

I  50 

1  110 


nber. 
er ... 
nber. 
iber  . 


The  year I  22,191 


1900. 


.ry  . 
ary 


9t  ... 
mber 


er  .. 
nber 
Qber 


10, 
9, 

23. 
4, 
4, 

1"), 
13, 


30, 


192 
292 
412 

800 
700 
725 
025 
650 
350 
950 
411 
650 


The  year . . . 


30,411 


Mini- 
mum. 


Mean. 


Total  in 
acre- feet. 


Run-oflf. 


I  Second - 

Depth  in  i  feet  per 

inchoH.    I  0c|uare 

I  mile. 


I 


305  ] 
220  I 
780 
505 
282 
350 
305  ' 
220  I 
180  ' 
50  j 
50  I 
50  I 


357 

617 

2,138 

887 

1.094 

4,168 

3.443 

308 

200 

98 

50 


21,951 
34,266  I 
131,461  I 
52.780  1 
67,268 
24^^,013 
211,703 
18,93H 
11.901  [ 
6,026  I 
2,975  I 
4,612  1 


0.12 
.18 
.67 
.27 
.35 
1.27 
1.08 
.09 
.06 
.03 
.01 
.02 


0.10 
.17 
.58 
.24 
.30 

1.14 
.94 
.08 
.05 
.03 
.01 
.02 


50   1,120  :  811,  H94  I  4.15 


145 

m. 

292 

3:J8  ' 

385  I 

256 

292 

145 

145 

338 

510 

292 


179 

200 

2,604 

2,229 

4,098 

1,061 

766 

201 

2,025 

2.010 

3,418 

382 


11,006 

11.107 

160,114 

132,635 

251,976 

63, 134 

47,099 

12,350 

120,496 

124,143 

203, 3H5 

23, 488 


.06 
.05 
.82 
.68 

1.29 
.32 
.24 
.06 
.61 
.63 

1.04 
.12 


145   1,598 


1.160,942  I  5.92 

.  i 


.31 


.05 
.05 
.71 
.61 
1.12 
.29 
.21 
.05 
.55 
.55 
.93 
.10 

.43 


February 

Marcli 

April 

May 

June 

July 

Augnst  --- 

Septemljer 

Octolier 

Novraiil>er 

Det'emlier 


The  year 
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Entimated  monthly  (Uscharf/r  of  Xcosho  Hirer  at  Tola,  Kans. — Continuotl. 


Month. 


Dischargre  in  second-feet. 


Maxi- 
mnm. 


1903. 

Jannary 

February 8, 

March 9. 

April - !  11. 

May ...J  29, 

June...     39. 


Mini- 


Mean. 


Jnly    

August  --. 
September 
October . . 
November 


3, 
19. 
14, 

19, 


770 

530 

646 

490 

350 

1,041 

390 

770 

2,109 

6:34 

rm 

2,208 

670 

580 

9, 157 

120 

1,190 

10,725 

990 

700  1 

1.12:^ 

210 

630 

6,112 

010 

120 

1,396 

220 

120     : 

1,974 

210 

700  1 

4,246 

Run-oflf. 

Total  in 
acre-feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

39,721 

0.21 

0.18 

57,814 

.29 

.28 

135,211 

.69 

.60 

131,385 

.67 

.60 

563,042 

2.88 

2.r)0 

638,182 

3.26 

2.92 

69, 051 

.36 

.31 

375,812 

1.91 

1.66 

83,068 

.42 

.38 

121,376 

.62 

.54 

252.654 

1.29 

1.16 

Note. — (Jage  heij^hts  for  18J)8  are  given  in  Wator-Supply  and  Irrigation  Taper  No.  2H, 
pa^e  115;  discharge  measurements,  page  110;  rating  table,  page  117. 

Ouge  heights  and  discharge  measurements  for  1899  are  given  in  Water-Supply  rai>er  No. 
;i7,  page  267 ;  rating  table  in  Paper  No.  39,  page  450. 

(lage  heights  and  discharge  measui'ements  for  1900  are  given  in  Water-Supply  Paper  No. 
GO.  page  :i:i2 ;  rating  table  in  Pai)er  No.  52.  page  518. 

<iage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  l*aper  No. 
t;6,  page  57  ;  rating  table  on  page  172  of  same  paper.  * 


FUK)D  NE.\R  lOLA,  KAXS. 

Flood -gaging  stations  wore  established  on  this  stream  at  Xeosho 
Rapids  and  Humboldt  by  the  United  States  (leologieal  Survey  and 
at  lola  by  the  United  States  Weather  Bureau  in  the  spring  of  1904. 
From  the  gage  readings  at  these  places  the  duration  and  magnitude 
of  the  floods  on  this  river  can  be  st»en.  The  gage  at  Tohi  is  just  alM)ve 
a  dam  and  does  not  show  the  same  range  of  stage  as  did  the  old 
United  States  (Jeological  Survey  gage,  which  was  just  below  this 
dam.  The  highest  reading  in  lJ)0»i  was  18  feet  8  inches  on  July  4. 
The  highest  reading  in  11)04  was  U).2  feet  on  July  10.  From  the 
high-water  marks  at  the  bridge  it  a])pears  that  the  reading  of  the  old 
United  States  (leological  Survey  gage  on  July  10,  1904,  was  ai)out  24 
feet,  or  '22  feet  above  ordinary  h)w  water.  The  tables  following  give 
the  gage  readings  and  discharges  at  lola. 


DE8TRUCTIVK    FLOODS    IN    UNITKD    STATES    IN    10O4>        i 


Aiuj^imum  ttnd  minim nm  dlHvftitrffr  nf  SeoJiho  Hirer  at  loM^  ICffiu; 

[liriiJtiiLgi'  biu^lii,  U^tJTU  ftquiLFf^  tnlk^B,  j 


I    Maxlmuui  diH- 
I  ftwt. 


Timr 


Ditt**. 


0»g«j   1  .. 

I     total 


01,  <K} 
at.  ID 


warn 


1901 


mY2 


lOOi 


Har.    5      0.3$ 

I 
June    »  I  n.f^ 

No?.    S    18,W 
Apr,    17     l»,80 


27,875 

90.411 
18,350 


Jum-     a     g2,,0fl  j«38, 120 
JtUjr  ID    BI.OQ  i  74,000 


Dllt«« 


12.4 

l.a2 

7,«0 

d.D5 
8.2» 

5,25 
10.7 

20.  sa 


October     ...... 

Septeinln^r  and 

Outolmr.,  ,,*,*, 

Janti»ry  atiii 
Ft'brnary, 

October  and 
December. 

January  f  An- 
gtLit>atid  Hep* 
teuiber. 

October  and 
December. 

January .  _ , 

September  and 
October. 


lu  feet. 


Pw 


FVam 

t<it»l    ,  „*«-, 
dt,in-  I  ^»" 


3.oa 

2.0Q 

um 

2.00 
2.10 

.mi 

2.00 
2.U0 


MIzLlmnm  dk- 
etMtm  In 


0 


£10 


1  (Kooosr 


.Oli 


145     .040 


10 

190 
120 


,oo»r 


"  Prohably^  too  small  on  account  of  overflow  of  banks. 
Mean  daHy  inifif  hritfht  of  Srosha  Uiver  at  lohi,  Kans.,  July  1-20, 
[WeatluM-   Hurcan   record.] 


lOOk. 


Date. 


H«'i>?ht  in 
feet. 


Date. 


.luly 
July 
July 
July 
July 
July 
July 
July 
July 
Julv 


July  IK 
July  12 
July  1:K 
July  14. 
July  1") 
July  IG 
July  17. 
July  18. 

14.06      July  19. 

15.2        Julv  20. 


11.4 

9..-) 

3.7 

4.2 

4.2 

11.0 

12.(5 

1:^.8 


Height  in 
feet. 


14.7 

14.0 

13.2 

13.0 

12.6 

10.5 

3.3 

2.9 

2.2 

1.8 


Hie  ^a<j:e  readings  show  that  the  flood  at  lola  lasted  from  Jul}'  6 
to  K),  and  reached  a  inaxinuiiii  stage  of  15.2  feet  on  July  10  for  an 
estimated  diseliarge  of  about  T4,(j()0  eul)ie  feet  per  second,  34,(>00 
cubic  feet  of  whicli  was  overflow.  This  estimate  of  the  discharge 
is  necessarily  very  roughly  approximated,  as  no  measurements  of 
velocity  w(»re  made.    It  wa«.  w^ee^'5^w\^  Vq>  vi-tKXJvKvsi.Vfe  IW  vdocity  of 
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jrflow  from  the  amount  of  scour  on  the  roadbed  of  the  Mis- 
*aeific  Railway.  This  raih'oad  crosses  the  valley  on  an  em- 
3nt.  The  flood  passed  over  this  embankment  on  both  sides 
river  and  had  a  width  of  about  1^  miles  on  the  right  bank 
vidth  of  about  one-half  mile  on  the  left  bank.  The  maximum 
from  actual  measurement  of  the  water  above  the  surface  of 
1,  was  4  feet  at  the  deepest  place.  The  stone  ballast  of  the 
as  badly  washed  out  in  places,  and  the  track  was  saved  from 
g  away  only  by  being  held  down.  Trains  could  not  cross 
3r  for  several  days  and  passengers  were  taken  across  in  boats. 

FLOOD    NEAR    HUMBOLDT,    KANS. 

Kxl-gaging  station  was  established  at  the  highway  bridge  at 
ildt  in  April,  1904.  The  fluctuations  of  the  surface,  measured 
chain  gage,  are  given  below : 

ight,  iw  feet,  of  Xeosho  River  at  Humboidt,  Kans.,  April  23  to  25  and 
May  6  to  July,  J90J,. 


ate. 

Timtv 

Height. 

'                 Date. 

'         Time. 

Height. 

Feet. 

Feet. 

5p.  m 

6.10  a.m. - 

3 
25.1 

Mav27 

7  a.  m 

9 

1 

8p.  m 

10 

8.25  a.  m... 

25.5 

May  28 

8  a.  m 

11 

6  p.  m 

27.2 

1  7.10p.m-.. 

11.9 

1  a.  m 

27.3 

May  29 

10a.  m 

11 

3  a.  in 

27 

!  8p.  m 

10.9 

7  p.  m 

20 

May  30 

10.40  a.m.. 

15.7 

1  p.  m 

25.7 

1 

8p.  m 

18 

6p.  m 

7  p.  m 

11 

May  31 

6.30a. m... 

19 

13 

10  p.  m 

19.9 

10.30  a.m.. 

11.9 

June  1 

7  a.  m 

20.4 

1.30  p.m.. 

13.2 

7.30  p.m.-. 

21.6 

5.30  p.  m  . . 

15 

June  2  .  - 

8  a.  m 

22.4 

7.30  a.m... 

18.  5 

6  p.  m 

23. 5 

6  p.  m 

19 

June  3     

8.45a.m... 

27.7 

7  a.  m 

18 

7  p.  m 

9  a.  m 

28.6 

6p.  m 

18 

June  4      

29 

7  a.  m 

17.4 

7  p.  m 

28.8 

8p.  m 

16.2 

June  5 

9  a.  m 

28.2 

7  a.  m 

16.2 

6  p.  m 

27 

8p.  m 

15. 1 

June  6     

6  a.  m 

26.5 

9  a.  m 

8  p.  m 

10 
5 

June  7  - . . 

j  7  p.  m 

6  a.  m 

28.1 

28.5 

11  p.  m 

4 

,  8p.  m 

28.1 

7  a.  m 

16.9 

June  8  - 

....'  7a.  m 

2T.7 

2p,m 

13.5 

\t  ^.tcl 

iS8 
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Dat«. 


Jxme  9  - 
Jmitf  10. 

I 


i 

Jtme  18  ... 

JuDe  IB  ... 
Juuei^O  .,. 
Jnoa  :;Jt  --. 
Jniie22  ___ 
June  23  .  _  _ 
Jmie  24  _ 
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Sfttfr. 


J%«t 
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1$ 
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U 
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15 
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17 
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0  zvt  in   -   - . 

in 

B  p,  tn  -  _  _ 

lUH 

ea.  1X1 

14 

7  p-  m       . 

IT.  5 

7  tt.  in   .... 

l«.3 

7  p.  m 
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IH 
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7 
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^ 
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19 
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U.I 
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10  a,  m 

m 
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80 
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A.     FLOOD    IN    NEOSHO   RIVER   AT    HIGHWAY    BRIDGE  AT   HUMBOLDT,   KANS. 


Ji.     OVERFLOW   OF   RIGHT   BANK   OF    NEOSHO   RIVER   AT   HIGHWAY    BRIDGE  AT 
HUMBOLDT.   KANS. 
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It  is  seen  from  these  gage  records  that  this  river  was  in  flood  much 
of  the  time  from  April  24  to  July  17.  A  stage  of  27.8  fin^t  above  low 
water  was  reached  April  25;  a  stage  of  29  feet  was  reached  June  4; 
a  stage  of  27.3  feet  was  reached  on  June  27 ;  and  a  stage  of  30.7  feet, 
the  maximum  for  the  year,  was  reached  on  July  10.  The  highest 
known  water  at  this  place  prior  to  1904  was  in  1885.  The  flood  of 
June  10,  1904,  was  about  1  foot  higher  in  stage  than  at  that  time. 
The  highest  water  of  1903  was  about  3  feet  less  than  the  July  flood 
of  1904. 

The  left  bank  of  the  river  at  Humboldt  is  comparatively  high,  so 
that  the  city  did  not  suffer  from  the  flood ;  the  right  bank,  however, 
is  low  and  was  overflowed  for  a  distance  of  about  3  miles  back  from 
the  stream.  PI.  VII  shows  views  of  the  Neosho  River  during  the 
flood.  From  it  a  good  idea  can  be*  obtained  of  the  extent  of  the  over- 
flow and  also  of  the  velocity  of  the  water. 

FIXX)I>S    NEAR    NEOSHO    R^VPmS,    Kx\NS. 

A  flood-gaging  station  was  established  at  the  Santa  Fe  Railway 
bridge  at  Neosho  Rapids  in  April,  1904,  at  a  point  a  short  distance 
below  the  mouth  of  Cottonwood  River.  The  fluctuations  of  the  sur- 
face at  this  station,  measured  with  a  chain  gage,  are  as  follows : 

Gaye  height,  in  feet,  of  Xcosho  River  at  \eosho  Rapidt*,  Kans.,  May  16  to  July 

18,  VJOI,. 


Date. 


T.SUa. m.     ((p.m.    \\ 


Date. 


,  7.30 a.m.  I   fip.m. 


May  16  . 
May  17  . 
May  18  . 
May  19 
May  20. 
May  21  . 
May  22 
May  23  . 
May  24 
May  25 
May  26 
May  27  . 
May  28 
May  29 
May  30 
May  31  . 
Jnne  1 . . 
June  2-. 
June  3.. 


Feet. 
20.6 
26.2 
27.8 
21.9 
14.7 
13.8 
13.6 
13.4 
13.3 
12. 9 
14 

21.1 
19.4 
20 
32 

33.6 
31.9 
28.  5 
31.8 


Feet.  I 

21  l'  June  4. 

27.2  'I  .Tune  5. 

24.3  June  6. 


19 

14 

13.6 

13.5 

13.4 

13.3 

12.9 

14.9 

21 

19 

30 

34.1 

32 

30.9 

28.6 

33. 


ol 


June  7 . . 
June  8 . . 
June  9.. 
June  10- 
June  11- 
Junel2. 
June  13- 
June  14. 
June  1 5 
June  16. 
June  17. 
June  18. 
June  19 
June  20. 
June  21- 
June22. 


Feet. 

<f  35.  2 
33. 4 
31 

28.1 
26.  1 
18.7 
16.2 
28. 3 
29.7 
25 
18 

15.5 
17 

20.  5 
23 

25.  2 
26.5 
20.  2 


Feet. 
34.3 
33 

29. 5 
27 
24 
18 

22.6 
30.4 
28.4 
23. 5 
16. 5 
15 
19.1 
21.5 
23.  7 
26. 5 
24.2 
17.2 


•6  a.  m. 


F 

wQaife  hvifjht,  ht  ftt*t,  of  Km^ho  River  at  Xeokho  Hikpiiitt^  Kuum^^  Mug  itt  f^ -i^ 
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DbUs. 


Hone  U4 
k?tm«»  27 

nly4 
n]y5  . 


TjViubl 


15 

14 
3^.7 

HLl 

37.1 
25.3 
^.8 
tt,l 

10,1 

S4.  2 


aiktn. 


14.  tl 
H 

32.8 
18.5 

mi 


^jn«.]B.<i 


Jttly  fS 
JtUy  7 
JnlyN 

July  1) 
July  in 
JtjlyU 
Jnlyia 
Jfily  la 
July  14 
July  la 
Jnly  le 
July  17 
Jaly  IH 


SI.4 

1    '''' 

MA 

1  *iir 

1»,^ 

JOil 

SI.4 

ai 

^.8 

at 

33,  tJ 

1    *^ 

a3.» 

m 

m 

i    m4 

ST,  I 

I    ^ 

17.5 

'    11,1 

ie.0 

17 

ia,5 

« 

13.3 

IIJ 

It  Is  seen  frnni  the^  figiires  that  thei'e  hav£^  be^en  five  floods  of  eoti 

,ei<I*'nil>li'  riiu^riitiKlo  at  this  placv  from  May  IT  to  July  14,  ItNW* 
TliL*  tirst  uiie  ruaclied  itH  iiiiixiimun  tni  May  18,  with  n  g;u^€'  liri^hi  o( 
27,8  f etH ;  tlie  K<»niiicl  i'ent*ht*<l  its  iiuixinniin  on  May  IM)^  witli  a  pip^ 
height  of  ^U.l  foct ;  the  third  rearhod  its  maxnnum  June  4,  with  a 
pi<re  height  of  I^').2  feet;  the  fourth  reached  its  niaxinium  June  27, 
with  a  gage  height  of  X\.:\  feet,  and  the -fifth  readied  its  maximum 
July  T,  with  a  gage  height  of  'M\.\  feet.  The  highest  flood  of  1903  at 
this  phu-e  leaehed  an  elevation  of  about  2i  feet  less  than  the  stage 
on  July  7,  lt)04. 

FUK)l)    NEAR    EMPORIA,    KANS. 

Cottonwood  River  rises  in  the  eastern  part  of  MePherson  County 
and  flows  in  a  general  eastwardly  direction,  emptying  into  the  Neosho 
•about  8  miles  southeast  of  Emporia.  The  distance  from  source  to 
mouth  in  a  straight  line  is  about  75  miles.  The  river  falls  from  an 
elevation  of  about  1,475  feet  to  1,045  feet.  The  extreme  width  of  the 
watershed  is  }d)()ut  40  miles.  The  land  is  hilly,  or  gently  rolling, 
|)rairie,  pasture,  or  cultivated  land,  without  many  trees,  except  along 
the  streams. 

There  is  no  gage  at  Emporia  on  either  the  Cottonwood  or  Neosho, 
but  the  records  relative  to  high  floods  are  kept  at  the  Emporia  pump- 
ing station  on  the  Neosho  and  at  J.  R.  Soden's  mill,  near  Emporia,  on 
the  Cottonwood. 

"^'^^e  highest  water  at  Soden's  mill  prior  to  11)04  was  on  May  28, 
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"  1903.  On  June  3,  1904,  the  water  was  28  inches  higher  at  this  mill 
than  on  May  28,  1903,  and  on  July  5  and  0,  1904,  the  water  was  22 
inches  liigher  than  on  May  28, 1903. 

According  to  the  record  of  Mr.  F.  A.  Bacon,  engineer  of  the 
£inporia  Waterworks  Company,  the  highest  water  at  the  pumping 
station  prior  to  1904  was  on  May  29,  1903,  at  which  time  the  water 
was  35^  inches  deep  on  the  fl(K)r  of  the  engine  room.  On  May  29, 
1904,  the  water  was  29^  inches  deep  on  its  floor.  On  June  3,  1904,  it 
again  was  29^  inche^s  deep.  On  June  26  it  was  28  inches  deep,  and  on 
July  6, 1904,  at  12  noon,  it  was  36^  inches  deep.  The  water  remained 
from  July  5  to  8  in  the  pump  house — that  is,  for  three  days  the  stage 
of  the  river  remained  within  3  feet  of  the  greatest  height  it  ever 
attained.  Nearly  all  the  country  Ix^twetni  these  two  rivers  in  the 
vicinity  of  Emporia  was  flooded  and  the  crops  destroyed.  The  rail- 
roads along  the  river  and  crossing  it  were  tied  up  for  several  days. 
The  Neosho  branch  of  the  Missouri,  Kansas  and  Texas  Railroad, 
which  extends  from  Junction  City  to  Parsons,  suffered  severely,  but 
none  of  the  bridges  were  washed  away. 

FLOOD    NE.\R    CHANUTE,   KANS. 

About  3^  miles  north  of  Chanute  the  Neosho  makes  a  sharp  l>end 
to  the  west  side  of  the  valley,  and  remains  on  that  side  for  about  7 
miles.  The  major  part  of  the  water  of  the  1904  flood,  instead  of  fol- 
lowing this  large  bend,  cut  across  it  at  a  velocity  sufficiently  large 
to  badly  damage  the  levees  in  its  path,  destroy  the  crops,  and  cause 
considerable  loss  to  the  oil  interests.  Several  of  the  oil  tanks  were 
moved  from  their  foundation,  some  of  them  were  overturned,  and  a 
few  were  swept  away.  The  pumping  machinery  was  injured  to  some 
extent  by  the  dirty  water. 

The  flood  of  July  passed  at  least  1  foot  in  depth  over  all  the  levees. 
Nearly  all  of  them  were  damaged  to  some  extent  and  in  places  they 
were  completely  destroyed.  The  greatest  damage  was  usually  around 
culverts  that  passed  the  water  through  the  levee.  The  water  was  so 
high  here  that  a  l)()at  was  rowed  through  the  doors  of  a  freight  car 
standing  on  the  Missouri,  Kansas  and  Texas  Kailroad  near  the  depot. 
The  flood  marks  at  the  pumping  station  indicate  that  the  July,  1004, 
flood  was  about  8  inches  higher  at  (^lianute  than  the  Hood  of  1885 
and  was  about  2  feet  higher  than  the  highest  water  of  1003. 

FIX)OD    NEAR    FORT   GlliSOX,  IND.  T. 

A  gaging  station  was  established  on  Neosho  River  at  the  Missouri 
Pacific  Railway  bridge  near  Fort  (libson,  Ind.  T.,  in  September, 
1903,  and  the  following  gage  heights  were  taken  during  June  and 
July,  1904,  during  the  floods  on  the  upper  river. 
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rt  is  min\  from  this  1hI>1<^  that  the  riv^r  war  hi^h  during  Jniie  nod 
•Inly,  A  ijjuxiinum  slu^e  of  HIS  feci  wjus  reachinl  vm  June  5  and  ugniii 
a  maximum  stag*>  of  32,4  feet  on  July  11,  this  hist  being  atxHit  ^ 
feet  above  low  water. 

I.EVEES    OF    NEOSHO    COUNTii'. 

Levee  building  was  be]Li:un  in  Neosho  County,  Ivans.,  in  1892,  and 
has  gradually  grown  until  at  the  present  time  there  are  19  levee  dis- 
tricts along  Neosho  Kiver,  varying  in  size  from  220  acres  to  2,(KK) 
acres,  depending  upon  the  topography  of  the  country.  A  stream  or 
high  land  that  does  not  need  the  levee  serves  as  a  boundary.  The 
height  of  the  levees  is  referred  to  the  height  of  the  greatest  flood 
of  1885,  the  crown  of  each  levee  being  suppost^l  to  Ix^  from  li  to  2  feet 
above  the  flood  height  of  that  year.  The  crown  width  varies  from  3 
to  ()  feet,  the  latter  being  the  width  of  those  recently  completed. 

Th(*  side  slopes  vary  from  li  to  1  to  2  to  1,  the  greatest  height  being 
about  10  feet.  The  material  for  the  levees  is  obtained  near  the  place 
of  construction,  and  is  usually  very  good  for  the  purpose,  as  it  con- 
tains a  considerable  amount  of  clay.  The  cost  of  construction  ranges 
from  7  to  IS  cents  per  cubi(*  yard,  and  the  cost  per  acre  reclaimed 
from  $8  to  $12.  The  Nixon  levee,  for  instance,  built  in  1908,  protects 
G2().l  acres  and  cost  $r)X)81.90.  The  cost  per  year  for  repairs  varies 
widely,   de[)ending  on  exposure   to  action   of  river,   ranging  from 
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thing  to  $1.25  per  acre,  but  generally  amounting  to  from  26  to  50 
its  an  acre.  Some  levees  built  nine  year's  ago  have  required  no 
mail's.  These  levees  have  protected  the  land  against  ordinary  flood, 
d  as  most  of  the  land  thus  protected  is  almost  valueless  without 
od  protection  they  have  well  repaid  the  cost  of  their  construction. 
le  belief  is  very  general  that  several  of  them  are  too  near  the  river, 
d  thus  restrict  the  stream  waterways,  and  that  they  are  not  suffi- 
ntly  high  and  thick.  The  levee  districts  are  formed  and  the  levees 
ilt  and  maintained  by  a  board  of  county  commissioners. 

NECESSARY    WIDTH    OF    CHANNEL. 

For  230  miles  from  the  mouth  of  the  river  its  average  slope  is  less 
m  2  feet  per  mile,  and  there  are  long  stretches  where  the  slope  is 
ly  1.7  feet  per  mile.  The  stream  is  also  very  crooked,  so  that  the 
ective  slope  is  smaller  than  that  of  other  similar  streams.  The 
»quent  overflows  of  the  river  are  due  to  the  sluggish  flow  whi<!h 
iults  from  this  small  slope  of  bed.  The  only  means  of  increasing 
^.  slope  is  by  shortening  the  stream — that  is,  removing  some  of  the 
ids.  As  this  remedy  is  not  practicable,  the  only  remaining  palli- 
ve  is  to  make  the  waterway  area  large  and  usc»  levees.  As  the 
lume  of  flood  flow,  the  average  slope  of  the  stream,  and  the  depth 
water  are  known,  it  is  possible  to  compute  the  approximate  size  of 
trapezoidal  channel  that  will  safely  carry  the  flood  flow  without 
erflow  of  levees  of  a  reasonable  height. 

The  flood  discharge  of  the  Xeosho  at  lola  in  1904  was  about  75,000 
l)ic  feet  per  second,  and  the  depth  of  water  was  alK)ut  23  feet  above 

V  water.  The  average  surface  sloi>e  at  this  place  is  approximately 
i  feet  per  mile.  The  effective  slope  is  somewhat  less,  an<l  we  will 
mme  it  to  be  2.2  feet  per  mile.  The  coefficient  of  roughness  of  bed 
)  in  Kutter's  formula  is  assumed  to  \h*  0.030.  From  thc*se  data  we 
d  that  a  trapezoidal  channel  having  a  Imttom  width  of  420  feet, 
le  slopes  1.5  to  1  or  top  width  of  48f>  fw?t,  <lepth  22  feet,  will  r^rry 
r'olume  of  75,000  cubic  feet  fK?r  s<M-ond. 

That  is,  if  the  channel  of  the  Xeohho  in  the  vicinity  of  lola  were 
proximately  trapezoidal  in  sha[M*  with  a  top  width  of  48^#  ft^et. 
ttom  width  420  feet,  and  l>anks  or  levii^s  on  fjach  hide.  ?^)  that  the 
erflow  could  not  take  pjar^e  for  a  heiglit  <if  wat«'r  of  SJ  i«'*'t  ;iU#ve 

V  water,  the  fl^Kxl  of  11K>4  would  liav#*  pa>-M'd  down  the  rtr«*ani  with- 
t  overflow.  The  width  U'twei^n  the  abutnientr  of  tfi^-  bridge  at 
la  is  only  190  feet,  s^>  that  there  was  a  yi*ry  large  overflow  tm  fmch 
le  of  the  bridge. 

In  the  vicinity  of  Qjanute  and  farth^-r  down  th^-  river.  wh<^r<?  th** 
pe  of  the  stream  is  eon-id^'rably  K"--  than  ai  lola.  th<'  top  width  ot 
3  channel  will  need  to  be  from  0*7;  to  700  f'^'.-t  f^ween  the  leve^^ 
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^^^^■b  damagi^  doTH'  altmg  thin  t^trpiim  eonHii^ted  tiiainly  in  tlie  lo^nT 
pmipik  The  overflow  vvrttpr  ha*I  very  Httle  velocity,  but  ^jirt^id  flat 
on^"  II  Uirgt^  HivH,  ruining  a  Inr^.*  lurrcug^  of  crops,  but  not  destroTinf 
tlu^  Ijuk),  hh  \vrt8  tlie  t'jLs*>  alonfj  K^msa;^  Kiver  during'  tiic  1!>0*J  fltMyL 
The  eities  and  town^  ah>ii^  the  river  Hii\  as  a  rule,  situati'd  n  tmt-^i^ 
i^nilili'  (listnnee  back  froui  Hu*  river  and  out  of  the  n^ach  of  riocnk 
Very  few  Iji'idges  were  injurtnl  by  the  flood.  The  railroads  >tjfl^ml 
quiU*  heavily,  e^i)t»dally  the  Mis^souri,  Kansa.^  and  Texas,  whiA 
parallels;  tht^  river,  For  st^veial  days  traitiH  rouhl  not  ruu  over  tim 
road,  Hud  the  loss  in  tniflie  and  injury  to  roadlxHl  whs  large-  ThtM 
oil  induslrres  uhin^  the  river,  especially  in  the  v^ieinity  of  ChMnute*" 
differed  heavily  in  Iohh  of  time  and  damage  to  umchinery,  Tht 
levees  along  the  river  in  Netysho  County,  described  on  puig^  92, 
reil  to  a  iargi*  extent. 
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Floods  rjccnr  annually  on  the  Neosho  that  cans**  overflow  of  mil' 
valuable  laucK  destroyiug  crops  and  making  agi'iculture  very*  ud- 
certain.  This  overflow  is  due  to  the  snuill  sIojk*  of  the  ri%'er,  siuaiJ 
sjrea  of  waterway,  and  to  the  uumerous  liends  in  the  slream, 

Ijcnees  have  lH.^en  ust^d  to  j)revent  overflow  in  some  part.^  of  the 
river  valley  and  serve  their  jiurpose  well  in  the  cu^*  of  ordiuftrr 
floods.  Ry  l)iiilding  levees  sutticientiy  far  apart  to  give  a  larger 
waterway  to  the  river,  building  them  a  few^  feet  higher,  and  proteet- 
ing  them  at  exposed  places  they  will  protect  the  land  against  all 
floods. 

VERDIGRIS   RIVER   FLOODS. 

Floods  are  common  on  Verdigris  River.  Rarely  a  year  passes 
without  a  flood  that  causes  overflow  of  som0  of  the  bottom  lands 
along  the  rivtM\  There  were  five  floods  cm  this  river  from  April  26  to 
July  10.  lt)04,  that  reached  a  stage  of  more  than  27  feet  above  low 
Avater  at  Independence,  and  two  of  these  reached  a  stage  of  more  than 
41  feet  above  low  water. 

STREAMS    AND   ORAINAGE   BASIN. 

Verdigris  Kiver  rises  in  the  southeastern  corner  of  Chase  County. 
Kans.,  flows  in  a  southerly  direction  through  Kansas  and  part  of 
Indian  Territory,  and  empties  into  Arkansas  River.  Its  length,  as 
found  by  measurement  on  the  best  available  maps,  is  290  miles.    It 
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falls  from  an  elevation  of  1,400  feet  at  its  source  to  700  feet  at  a 
point  about  11  miles  north  of  the  Kansas  and  Indian  Territory  lino, 
a  distance  of  141  miles.  From  this  point  to  the  mouth,  a  distance  of 
148  miles,  it  falls  about  100  feet.  Throughout  its  length  the  river 
flows  in  a  well-defined  channel  with  banks  from  10  to  40  feet  in 
height.  The  width  at  ordinary  stage  of  water  at  the  State  line  is  140 
feet  and  at  the  mouth  250  feet.  It  is  essentially  a  surface  run-off 
stream;  its  water  is  muddy,  its  flood  flow  large,  sunnier  flow  small, 
find  surface  fluctuations  quite  large  and  rapid.  Although  it  flows  in 
a  comparatively  deep  and  well-defined  channel,  its  banks  are  fre- 
quently subject  to  overflow  during  floods,  on  account  of  the  sluggish 
flow  due  to  small  fall  and  crooked  channel.  The  bed  and  banks  are 
composed  of  firm  material,  that  changes  very  little  from  year  to  year. 

The  principal  tributaries  of  Verdigris  River  are  Fall  River,  Elk 
Biver,  Caney  River,  and  Bird  Creek.  These*  all  enter  the  river  from 
the  west  and  take  a  southeasterly  direction.  The  first  three  rise  in 
the  Flint  Hills  of  Butler  County,  Kans.,  and  the  last  in  Indian  Terri- 
tory. 

Caney  River,  the  largest  of  the  four,  drains  an  area  of  2,440  square 
miles,  has  a  length  of  140  milas,  and  falls  from  an  elevation  of  1,500 
feet  at  its  source  to  750  feet  near  the  State  line,  a  distance  of  48 
miles. 

Fall  River  is  96  miles  long  and  has  a  fall  of  from  1,500  to  750  feet 
in  a  distance  of  48  miles.  Its  drainage  area  is  875  s(iuare  miles.  Its 
water  is  less  muddy  and  its  flow  more  steady  than  that  of  Verdigris 
River.     The  width  near  the  mouth  at  ordinaiT  low  water  is  75  feet. 

Elk  River  drains  an  area  of  687  square  miles.  Its  length  is  70 
mile^  and  its  width  near  the  mouth  at  ordinary  low  water  75  feet. 
It  falls  from  an  elevation  of  1,500  feet  to  750  feet  in  a  distan(*e  of  43 
miles.  Its  discharge  is  smaller  and  its  flow  less  steady  than  Fall 
River,  reseml)ling  the  main  stream  in  this  respex^t. 

Bird  Creek  has  a  length  of  85  miles  and  drains  an  area  of  1,340 
square  miles. 

The  watershed  of  Verdigris  River  has  an  area  of  8,(ilO  squan*  miles. 
Its  total  length  is  180  miles  and  its  gi'eatest  width  7*2  miles.  The 
Flint  Hills,  in  the  northern  part  of  its  boundai'v,  have  an  eleva- 
tion of  about  1.600  feet.  The  northern  boundary  varies  in  height 
from  1,200  to  1,400  feet.  The  eastern  boundary  falls  from  about  1,400 
to  650  feet  and  the  western  boundary  from  1,600  to  650  feet,  decreasing 
from  the  north  toward  the  south.  The  upper  part  is  comparatively 
rough,  the  general  fall  toward  the  river  l>eing  about  *25  tVet  to  the 
mile.  This  portion  of  the  watershed  is  used  for  grazing  purposes. 
The  rest  of  the  basin  contains  some  of  the  best  farming  land  in 
the  Mississippi  River  Valley.    In  some  parts  the  general  surface  is 
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hrokt^n  by  mujuirIh  liavin^  an  i^lt^vation  uf  from  lOCi  to  2*50  fi^t  aU^ 
tlu^  geiR'rnl  h'VL'l ;  such  is  Table  Moiiiul,  <'*  rjiiles  iiortInvi.\st  of  Ind*'- 
peiiclenns  tnnl  the  nioiiiuls  tmiv  Fredoiiiii  and  Ciii*iTyvifk\  Ivtrn., 
luuf  iK^ur  SafTi'cyjih,  IikL  'l\ 

TIr*  following  tal>lc  gism  the  tiistanw  in  nnh*?^  bi^tWL'L-Mi  M>4iMi 
contours  nkmg  Venligris^  Fall,  and  Elk  rivoii;; 

lliMtamr,  in  miirtt,  hetw^en  oO-foot  f-oitfowr^  aii^ty  Vvrtiim'^^x  FnlL  a/irf  ^l' 
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niSClTARGE    A>'n    RrK'OFF. 

A  pi^og  station  \\n>  ostablishtnl  cju  the  Venli^is  August  2,  l^D^. 
at  MrTaggart  s  mill,  7  niiics  east  tjf  IinlfiMjjRJfin/o  a  nil  3  miles  ^iouth- 
wt^sl  uf  LJi)t^rty,  The  gapt^  consists  of  two  partw,  one  r  vertical  tiin- 
Ix^r  spiked  to  the  flume  of  the  mill  and  reading  from  0  np  to  S  fiH*t. 
the  other  tit  t\>ot  ajjtl  Imlf-ftjol  oiurks  ]>uinted  on  tlu"  wheel houw 
of  the  Jiiilh  Disc^harge  measurements  have  l^een  made  from  thf 
higlnvay  Ijritlg^^  u  few  hnndred  feet  In^hw  ttie  dam, 

Tii<^  ehaiinel  iH  this  plaee  is  straight  for  several  hnndred  feet 
alM>v<'  ami  below  tlu'  bridge.  The  tlow  lias  a  moderate  vekx-ity  al 
low  as  well  as  high  stages.  The  bed  is  mainly  rock  and  not  subject 
to  change.  The  banks,  although  of  considerable  height,  are  subject 
to  overflow  during  very  high  floods. 

The  following  table  shows  the  mean  monthly  and  annual  discharge 
and  run-oft'  obtained  at  this  station  from  180G  to  1903: 


KRs.^*"]  VERDIGRIS   RIVER   FLOODS.  97 

ated  monthly  discharge  of  Verdigris  River  at  Liberty,  Kans.,  1895-1903. 
[Drainage  area,  3,067  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Month. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second-feet 

persqnare 

mUA. 

1895. 

8t .-- 

tuber 

7,121 

87,000 

155 

171 

28,000 

20 
87 
39 
89 

68 

783 

5,985 

69 

82 

4,326 

48,144 

356,132 

4,248 

4,879 

259,847 

0.294 

2.179 

.025 

.030 

1.589 

0.255 
1.958 

»er 

iiber 

.022 
.027 

nber _ . 

1.378 

1896. 

1,136 

770 

351 

3,882 

19,900 

16,620 

10,770 

210 

424 

8,720 

9,130 

1,010 

450 

256 

171 

171 

171 

303 

138 

14 

5 

9 

110 

171 

661 

426 

242 

677 

4,181 

2,200 

1,699 

46 

71 

600 

1,017 

448 

40,643 

24,508 

14,880 

40,285 

257,080 

180,909 

104.467 

2,828 

4,225 

36,893 

60,516 

27,547 

.249 
.145 
.091 
.246 
1.572 
.800 
.639 
.017 
.026 
.226 
.369 
.168 

.216 

larv                     .   .  - 

.139 

h               

.079 

.221 

1.868 

.717 

.554 

st                       

.015 

mber           _ 

.028 

>er             

.196 

mber              

.831 

nber          _ . 

.146 

The  year    . 

19,900 

5 

1,022 

744,776 

4.548 

.838 

1897. 
irv                     ... 

1,616 

5,276 

14,470 

26,100 

8, 105 

4,005 

4,989 

39 

20 

20 

5 

39 

351 

450 

553 

450 

256 

52 

39 

20 

20 

5 

2 

2 

887 

1,591 

2,201 

2,829 

1,260 

505 

408 

28 

20 

8 

2 

12 

54,540 

88,360 

135,338 

168,338 

77,474 

30,050 

25,088 

1,722 

1,190 

492 

119 

738 

.333 
.532 

.838 
1.030 
.474 
.184 
.158 
.011 
.     .008 
.003 
.001 
.004 

.289 

lary 

h 

.518 
.718 

.928 

.411 

.165 

st 

.183 
.009 

mber 

.007 

yer    

.003 

tnber        

.001 

nber                

.004 

The  year 

26,100 

2 

813 

583,444 

3.571 

.267 

IBB  147—05  M- 


Tbeyeat-    .,. 


ais 

J)06 

430 

.00^ 

714 

-004 

l,10T 

.007 

7m,  m& 

4.m5 

«  Approxlrnute. 
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Estimated  monthly  discharge  of  Verdigris  River,  etc — Continued. 


Month. 


1900. 

January. 

February 

March 

April  .  -  - 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1901. 

January 

February  

March 

April 

May 

June -   . . 

July.. 

August  ...   . 
September    . 

October 

November.-   . 
December    .     . 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


90 

340 

10,200 

10,750 

16,500 

5,400 

28,610 

155 

86,950 

85,075 

25,480 

860 


Mini- 
mam. 


86,950 


2,200 

7,458 

16,260 

2,550 

810 

90 

205 

2,200 

90 

40 

55 

16,260 


55 

40 

170 

140 

280 

110 

222 

7 

10 

280 

860 

868 


Mean. 


280 


760 

90 

40 

8 

2 

2 

40 

27 

40 


65 

82 

1,328 

1,286 

2,455 

598 

1,824 

68 

8,714 

8,236 

3,766 

531 


1,573 

465 

920 

1,006 

3,272 

554 

122 

13 

30 

153 

55 

37 

51 


Totelin 
acre-feet. 


3,997 

4,554 

81,348 

73,547 

150,952 

35,286 

112, 153 

3,259 

220, 998 

198,974 

224,093 

32,650 

1,141,811 

28,592 

51,094 

61,857 

194,697 

34,064 

7,259 

799 

1,S45 

9,104 

3.382 

2.202 

3,136 


Run-off. 


Depth  in    8««ond-fe«t 


556  I     398,031 


inches. 

Iier  square 
mfle. 

.020 

.020 

.030 

.aso 

.500 

.480 

.450 

.400 

.920 

.800 

.210 

.190 

.680 

.590 

.020 

.020 

1.350 

1.210 

1.220 

1.060 

1.370 

1.230 

.200 

.170 

6.970 

.510 

.174 

.151 

.312 

.300 

.879 

.328 

1.195 

1.067 

.209 

.181 

.045 

.040 

.005 

.004 

.012 

.010 

.056 

.050 

.021 

.018 

.013 

.012 

.020 

.017 

3.441 

.182 

Note. — <iii|;e  Iti'tj^Mits  wm]  tUHeharfS^  nipasaremeDta  for  1SUI>  htp  ^;tv**u  iu  VVaitr-Supplj 
nnd  trrl^iitlifn  F'a|.HT  Sf*.  .'i7,  pji^P  -Otl  ■  nittnjr  tubU*  In  I'iifwr  Nfi.  'ill,  pajje  -irtO. 

On^r'  lif'l^MiH  and  JlfM'htirffe  monnuve-nnntH  for   iniH>  are  jilven   in   WfltPr-!ftu,Vftlj    l^aper 

na^fu  b*»ij;h1s  am]  rllsclsnriiF  nu?ii8iinf»iiipnts   Tor   KtUI    are  K^v^n   In   Wflter-Sui»ply   FApir 
Na«  00,  puge  ^T  ;  ralLixg  table  oa  page  1T2  u£  aa.iiie  paper. 
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It  is  seen  that  the  minimum  flow  at  this  place  is  sometimes  only 
2  second^feet  for  sixty  or  more  days  at  a  time.  The  maximum 
daily  rate  of  discharge  during  this  period  was  41,450  second-feet,  on 
May  23,  1903. 

The  following  table  gives  the  maximum  and  minimum  rate  of 
discharge  and  run-off  at  this  station : 

Maximum  and  minimum  discharge  of  Verdigris  River  at  Liberty,  Kans. 
[Drainage  area,  3,067  square  miles.] 


Date. 

Sept.  11 
May    24 
Apr.    80 

May     4 
July     9 
Sept.  30 
Apr.    13 

June    7 

May    23 
July     8 

heig^t^n 
feet. 

Maximum  dif^ 
charge  in  second- 
feet. 

Date. 

Gage 
height 
in  feet. 

2.20 
1.70 
1.60 

1.60 
1.60 
1.55 
1.20 

1.90 

2.80 

Minimum  dis- 

charffe  in 
secona-feet. 

Year. 

From 

total 

drainage 

area. 

Per 

square 

mile. 

From 
total 
drain- 
age 
area. 

Per 

square 

mile. 

1895 
1896 
1897 

1898 
1899 
1900 
1901 

1902 

1903 
1904 

«35.50 

23.75 

c28,00 

d31.00 
30.45 
36.00 
20.40 

33.37 

39.00 
41.00 

W,000 
19,900 
26,100 

30,690 

29,876 

636,950 

16,260 

33,018 

HI,  450 
50,400 

12.1 
6.49 
8.51 

10.0 
9.74 

12.0 
5.30 

10.8 

13.5 
16.43 

October 

September  .... 

November  and 
December. 

September 

October 

August 

August      and 
September. 

January     and 
February. 

September 

155 
5 
2 

2 
2 

7 
2 

40 

280 

0.051 
.0016 
.00065 

.00065 
.00065 
.0028 
.00066 

.013 

.091 

I""'"' 

■  Absolute  maximum,  36.40. 

*  Probably  too  small  on  account  of  overflow  of  banks. 

<"  Absolute  maximum,  28.20. 

<*  Absolute  maximum.  31.50. 


FLOODS    NEAR   INDEPENDENCE. 


A  flood-gaging  station  was  established  on  Verdigris  River  at  the 
highway  bridge  at  Independence  in  April,  1004.  The  fluctuations  of 
the  surface  measured  w  ith  this  gage  are  given  on  page  102. 
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aasfe  heiffhi  Qf  Vertiipris  River  at  independence,  Eufm.,  A^rit  io  Julp^  IS^ 


"  Above  low  water. 
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It  is  seen  that  the  river  was  at  a  high  stage  at  Independence  from 
April  24  to  July  13.  It  reached  a  maximum  of  31.5  feet  on  April  26, 
Ji  second  maximum  of  41.5  feet  on  June  5,  a  third  maximum  of  37.4 
feet  on  June  19,  a  fourth  maximum  of  31.9  feet  on  July  4,  and  a 
fifth  maximum  of  43.2  feet  above  low  water — ^the  largest  of  the  year — 
on  July  8.  There  was  a  range  of  stage  at  this  place  of  about  43  feet, 
as  compared  with  a  range  of  22  feet  on  the  Neosho  at  lola  and  36  feet 
on  Fall  River  at  Fall  River.  It  is  seen  further  tliat  the  changes  of 
stage,  though  larger,  are  not  as  rapid  on  the  Neosho  as  on  Fall  River, 
where  a  change  in  stage  of  6  feet  in  two  hours  was  observed  during 
the  July  flood  of  1904. 

Mr.  F.  N.  Gorden,  pump  engineer  of  the  Independence  water- 
works, has  high-water  marks  of  the  floods  of  1885,  1895,  1903,  and 
1904  on  the  pump  house,  from  which  the  comparative  heights  of 
these  floods  have  been  obtained  and  the  gage  height  at  the  station 
near  Liberty  on  July  8  was  computed.  The  elevations  of  the  high- 
water  marks  above  low  water  were  as  follows:  July  8,  1904,  43.2 
feet;  June  5,  1904,  41  feet;  1903,  41  feet;  1895,  38  feet;  1885,  37.7 
feet. 

The  Verdigris  makes  a  U-shaped  bend  in  passing  Independence. 
The  major  part  of  the  flood  water  cut  across  this  bend  and  greatly 
retarded  the  flow  in  the  channel  proper  during  the  flood.  Mr.  F.  N. 
Gorden  describes  the  river  at  the  pump  house  as  being  nearly  as  still 
as  a  lake  during  the  highest  water,  while  before  the  water  cut  across 
the  bend  it  was  flowing  with  quite  rapid  velocity.  This  reduction  of 
velocity  in  the  main  channel  after  overflow  begins  makes  it  very  diffi- 
cult to  compute  the  flood  discharge  of  the  stream.  The  water  begins 
to  overflow  the  bottom  land  opposite  Independence  at  a  height  of 
about  35  feet  alx)ve  low  water,  or  8  feet  below  the  high  water  of  July, 
1904.  The  width  of  the  flooded  portion  in  the  vicinity  of  Inde- 
pendence was  about  3  miles.  Wheat  is  the  chief  crop  grown  in  this 
river  bottom  in  this  vicinity,  and  the  part  of  the  wheat  that  had  been 
cut  prior  to  these  floods  was  piled  up  against  the  hedges  and  resembled 
in  some  places  snuill  straw  stacks.  From  the  flood  heights,  as  shown 
by  the  gage  heights  and  high-water  marks  at  Independence  and  the 
flood  heights  and  rating  curve  of  the  gaging  station  at  Liberty,  the 
flood  discharge  of  the  Verdigris  at  LilxTty  on  July  8,  1904,  has  been 
computed.  The  overflow  portion  of  the  flood  is  estimated  to  have 
been  12,500  cubic  feet  per  second  and  the  total  discharge  50,400  cubic 
feet  per  second. 

FL(H)I)   ON    THE    U)WER   VKRDIORIS. 

A  considerable  amount  of  damage  was  done  by  the  floods  in  the 
vicinity  of  Coffey ville.  A  portion  of  the  city  was  flooded,  in  addition 
to  the  loss  of  crops  in  the  bottoms.  The  high  water  decreased  from 
the  Kansas  and  Indian  Territorv  line  to  the  luoutlv  ot  iVv^  ^V^^^xsv. 
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FLOOD    IN    LOWER    FALL   RIVER    I'ALLEY. 


The  fluctuations  of  the  mirfjUL>  of  Full  River  during  the  flocKlsof 
1904  can  bt*  seen  frotti  the  following  gage  reacJiiif^,  tjiken  ut  tk 
gaging  station  at  Fallriver*  from  which  the  dashy  character  of  fhk 
stream  is  easily  seen : 

Otiffe  hPiffht  of  Fall  River  of  F&Urityer,  Kans.,  1904. 

. — i.. 


Dtkie>. 


April  22  . 
April  33., 
April  24  , . 
April  05  _- 
April  2e_ 
April  27  _ . 
April  28  . . 
April  2fi.- 
April  30  .. 
May  31.,, 
June  1.-,. 

June  2 

Jmae  8--,- 
Jime4_... 
June  G^-.^ 
June  6___. 
June  7-,-- 
June  8.,,, 

June  U 

June  10-  -  - 
,Tnne  1 1  _  _  _ 
Jtme  12. . . 
June  13. .. 
June  14-,. 
June  15,., 
June  16__. 
June  17--- 
June  18-. - 
June  19-  -  - 


T^.m, 


8.5 


29.  a 

14.5 

«a 

6.9 
5.7 
7 
8 

9.5 
24 

12.5 

a  4 

5.  fi 

la,  5 

23,5 

31 

10 

8 
13.2 

9 

37,8 
27.  .1 
10.4 

8.2 


&p>^ 


S.5 

4 
29.5 
12.  S 
7.8 
0,1 
6 

5,8 

5.7 

G.4 

18.3 

10.5 

27.5 

%^A 

10.  H 

7,5 

6 

5.5 
8,8 
34pB 
20,7 
8.5 
7.4 
8,5 
7.8 

17 

in 


D«te. 


June20_,. 

June  21-,- 
Juue^iS,, 
June  23..- 
June  24^ , . 
Jnne  25-. 
Jnne26. .. 
June  27... 
June  28-.. 
June  29.,. 
JuneaO',,. 
July  1    -, 
July  2 .    - 
July  3.... 
July  4..-. 

July  5 

July  6  . .  . 
July  7  -  ^, 
July  8.  ,., 
JnlyS ... 
July  10  . . . 
July  U-.. 
July  12.. 
July  13... 
i  July  14.  , 
July  15... 
July  1«  , . . 
July  17... 


Til  in. 

ip.B. 

f^t. 

^fL 

B 

7.1 

9.2 

11 

6 

G.I 

9 

G.t 

5 

4.1 

to 

ta.s 

It. a 

0 

ia.6 

% 

8 

IS 

T.S 

IS 

19 

9J 

7*5 

Hi 

^ 

tw.s 

12.5 

s 

8 

16.4 

9 

21.5 

32.5 

33.  a 

80 

81,5 

31 

15.  t 

10.4 

10 

9 

IB.  4 

14 

9 

7.5 

7 

6.5 

6.2 

6 

6 

5 

15.4 

8 

6  5 

5 

4.8 

It  is  seen  that  this  stream  reached  a  maximum  stage  on  April  24 
of  29.5  feet,  reached  a  second  maximum  on  June  4  of  33.5  feet,  a  third 
maximum  on  June  10  of  34.8  feet,  a  fourth  maximum  on  June  16  of 
37.8  feet,  and  a  fifth  maximum  on  July  G  of  33.0  feet,  in  addition  to 
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smaller  maximum  stages  between  the  larger  ones.  On  the  even- 
ing of  April  23  the  gage  read  4  feet ;  the  next  morning  it  read  26.3 
feet — a  rise  of  24.3  feet  in  ten  hours.  On  the  evening  of  June  15 
the  gage  read  7.8  feet;  the  next  morning  it  read  37.8  feet — a  rise 
of  30  feet  in  ten  hours.  There  were  six  floods  of  this  stream  from 
April  23  to  July  8  in  which  the  gage  read  from  22  feet  and  four 
when  it  read  above  35  feet. 

This  flashy  character  of  Fall  River  is  due  to  the  steep,  impervious 
nature  of  the  watershed. 

These  floods  caused  little  overflow  above  the  station,  but  at  Fre- 
donia  and  Neodesha  an  area  of  from  2  to  5  mile^s  in  depth  was  sub- 
merged by  the  four  highest  floods,  and  the  crops  on  the  submerged 
land  were  destroyed.  Jjgss  stock  was  lost  in  these  floods  than  in 
any  recent  flood  of  equal  magnitude,  because  of  the  warnings  tele- 
phoned and  telegraphed  from  the  station  to  the  property  owners 
down  the  valley. 

There  are  high-water  marks  at  the  Frisco  Railroad  pumping  sta- 
tion near  the  gage — one  of  1898  and  one  of  1869.  The  flood  of  June 
3,  gage  height  35.5  at  3  a.  m.,  came  to  the  mark  of  1898,  and  the 
flood  of  June  10,  gage  height  36.8  feet  at  9  p.  m.,  came  above  that  of 
1869.  The  flood  of  June  16  was  from  3  to  4  feet  higher  than  any 
previous  known  flood. 

NECESSARY    WIDTH    OF    CHANNEL    OF    VERDIGRIS    RIVER. 

The  average  slope  of  Verdigris  River  for  150  miles  from  the 
mouth  is  less  than  2  feet  per  mile,  and  there  are  long  stretches  where 
it  is  not  more  than  1  foot  per  mile.  This  is  a  very  small  slope  for 
a  small  stream.  The  frequent  overflows  are  due  almost  entirely  to 
the  small  slope  and  consequent  sluggish  flow\  The  only  practical 
remedy  for  overflow  is  the  construction  of  levees  on  each  side  of  the 
river  where  overflow  takes  phice,  at  such  a  distance  apart  that  there 
will  be  ample  room  for  the  passage  of  floods  between  them. 

If  the  flood  volume,  the  height  of  floods  above  hnv  water,  and  the 
slope  of  the  stream  are  known,  it  is  possible  to  compute  the  area  of 
waterway  to  pass  the  maximum  flow  without  ovei-flow. 

The  flood  of  1004  had  a  maximum  rate  of  discharge  at  Independ- 
ence of  50,400  cubic  feet  per  second  and  the  height  of  the  flood  above 
low  water  was  about  40  feet.  With  these  data  and  the  assumption 
that  the  slope  is  1.5  feet  per  mile  and  the  coefficient  of  roughness  of 
bed  0.030,  we  find  that  a  channel  of  trapezoidal  cross  scH!tion  having  a 
bottom  width  of  105  feet  and  a  top  width  of  225  feet  will  carry  a 
volume  of  50,500  cubic  feet  per  second,  and  the  mean  velocity  of  flow- 
will  be  about  7.6  feet  per  second.  The  channel  cross  section  at  the 
gaging  station  on  the  highway  bridge  near  Liberty  has  a  bottom  width 
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of  af)oiit  150  and  a  tup  widtli  of  alKJut  21  f*  fi*i*t,  kj  tlitit  if  tlu»  ^tof^ 
(jf  Uk^  river  wciv  1.5  fuel  \wx*  mi  It*  flnritjg  rt'Kid?^*  thi*^  ehauni4  miM 
cmrry  the  vvaU*r  without  the  J^tage  iTadnii^jf  th**  fK*t|^ht  iif  40  f**<*t  nlxn? 
low  watcu*;  htit,  iniforliHiatdy*  the  sh>pe  <1i.h*ivii^»s  as  th«*  sfa^*  m 
creaM*,s*  The  nieun  velottily  bhuuld  be  7,ii  feet,  but  it  proUii^h  wa-^ 
Jess  than  5  feet  per  Hecoud. 

DAMAQR   t>ONE   BY    !<'LOOD. 

ThtJt  damage  doni*  by  the  flood  along  this  riv^r  consisted  maitih  «f 
!o.^  of  tTops,  due  to  overflow  of  tlie  l>ottoin  land.  Part  of  the  wlifai 
crop  wan  lu  shoek  at  the  time  of  the  fir^t  high  AckkL  and  thi^ 
was  ewrried  oil  tlie  fields  ami  piled  itp  a|i:ainst  the  fences.  That  part 
of  the  wheat  eiH)p  that  was  standing  wajn  injured  to  such  an  extent 
that  little  of  it  was  harvested ;  in  fact*  the  eiopn  on  all  the  ai^ 
flooded  \vei"e  (h*slroyed.  Fjittk^  damage  was  done  to  the  gr'oniid  it^Jt-lf, 
ll^  the  velocity  waa  not  sufficieut  to  cause  scour.  There  was  littl<^ 
his^s  uf  stnelf,  4)\vin|f  mairdy  to  the  very  eitit  ient  way  in  which  the  higb 
water  w^as  pi'edicted  from  the  Hock!  stations, 

OSAGE  RIVER  FLOODS, 
fiTEKA\t    AXn    DllAfNACJE    ISAfilN. 

Osage  River  rises  in  tlie  northeastern  part  of  Wallace  CountT. 
Kans.,  flows  in  a  general  easterly  direction,  and  empties  ii^to  Misscjuri 
River  near  Osage  City,  Mo.  The  distance  from  tl»*^  source  to  tbe 
niDiith  in  a  stiuight  line  is  ahont  "210  miles,  hut  tlje  length  of  the  river 
is  at  least  400  miles,  as  it  in  very  enxjked  for  a  considerable  part  nf 
its  course.  It  falls  from  an  elevation  i>f  ahout  l,i^25  feet  to  755  fp**t, 
near  Ottawn,  in  a  distan<*e  uf  ahunt  50  miles,  Imt  for  :i  distance  of 
aL>ont  25  miles  on  either  side  t^f  Ottawa  the  fall  is  not  more  than  1| 
feet  jjer  mile.  From  Ottawa  to  the  uiouili  of  the  river  there  is  a  fall 
of  ahout  3;^0  feet  in  484  miles.  The  stream  flows  in  a  fairly  deep 
channel,  that  changi^s  little  from  year  to  year,  as  the  soil  contains  a 
considerable  amount  of  clay:  but  it  overflows  freipiently,  due  to  ver}' 
heavy  rainfall  and  sluggish  flow. 

The  watershed  al)ove  the  gaging  station  at  Ottawa  has  an  area  of 
l,*2»i7  s(]uare  miles,  its  greatest  length  being  about  55  miles  and  its 
greatest  width  27  miles.  It  is  hilly  or  gently  rolling,  and  consists 
of  pasture  and  cultivated  lands,  with  little  tree  growth  except  along 
the  streams. 

(;a(;k  ukujht  and  nis(  iiak(;e. 

A  gaging  station  was  established  at  Main  Street  Bridge,  Ottawa, 
August  20,  1902.     The  channel  is  nearly  straight  for  about  100  feet 
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above  and  75  feet  below  the  station,  and  has  a  width  between  abut- 
ments of  about  138  feet,  without  piers.  The  bed  is  rock  and  gravel 
and  is  permanent.  The  flow  is  moderately  rapid.  Although  the 
channel  is  deep,  both  banks  are  subject  to  overflow  during  floods.. 
Fluctuations  of  the  surface' are  measured  with  a  chain  gage  fastened 
to  the  bridge.  The  mean  daily  gage  height  and  corresponding  dis- 
charge obtained  at  this  station  from  readings  each  morning  and  even- 
ing during  the  floods  of  1904  are  given  below : 

Oage  height  and  discharge  of  Osage  River  at  Ottawa,  Kans,,  May,  June,  and 

July,  1904. 


Date. 


May  15 
May  16 
May  17 
May  18 
May  19 
May  20 
May  21 
May  25 
May  26 
May  27 
May  28 
May  29 
May  30 
May  31 
June  1. 
June  2. 
Jniie3. 
June  4. 
JuneS. 
June  6- 
Jtine7. 


Gaffe 
leiffht. 


hej 


Feet. 

3.10 

20.35 

24.25 

23.05 

9.15 

3.40 

3.10 

2.40 

7.00 

9.40 

4.90 

(^) 
31.80 
=^30.00 
28.00 
26.40 
24.60 
24.75 
24.45 
17.00 

5.95 


Discharge. 


Sec.  feet. 

1.450 

« 22, 140 

26,820 

25,380 

8,700 

1,810 

1,450 

650 

6,120 

9,000 

3,610 


35,880 
33, 720 
31,560 
29,400 
27,240 
27,420 
27,060 
18, 120 
4,860 


Date. 


June  8. 
June  24 
June  25 
June  26 
June  27 
June  28 
June  29 
June  80 
Julyl. 
July  2. 
July  3. 
July  4. 
July  5 . 
July  6. 
July  7. 
July  8. 
July  9. 
July  10 
July  11 
July  12 


height. 


Feet. 

3.25 

2.65 

16.45 

22.90 

26.25 

25.00 

10.40 

8.80 

8.80 

5.85 

6.10 

7.35 

4.95 

19.60 

25.55 

30.15 

29.50 

27.25 

17.45 

4.65 


Discharge. 


Sec.  feet. 

1,680 

920 

17,460 

25,200 

29,220 

27,720 

10,200 

7,680 

7,680 

8,550 

5,040 

6,540 

3,670 

21,240 

28,880 

83,900 

38,120 

80,420 

18,660 

8,310 


«  I>l8charge8  for  stages  alwve  1*0  feet  are  very  doubtful  and  are  probably  too  small. 

*  Record  lost,  owing  to  high  water. 

*•  Gage  heights  from  May  31  to  June  2  obtained  by  interpolation. 

It  is  seen  that  there  were  three  floods  at  this  place  from  June  30  to 
July  10 — one  that  reached  a  mean  daily  stage  of  31.8  feet  and  dis- 
charge of  35,880  second-feet  on  May  ^-^O ;  a  second  that  reached  a  mean 
daily  stage  of  26J  feet  and  discharge  of  29,220  second-feet  on  June 
27;  and  a  third  that  i^niched  a  mean  daily  stage  of  30.2  feet  and  dis- 
charge of  33,900  second-feet  on  July  8.  The  maximum  stage  reached 
for  a  short  time  on  May  10  was  34.3  feet. 
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The  flashy  character  of  this  stream  can  easily  be  seen  from  the 
rapid  fluctuation  in  stage  and  discharge. 

The  greatest  flood  on  this  stream  prior  to  1904,  in  the  reooUection 
of  the  oldest  inhabitants  living  along  it,  was  in  May,  1898,  the  highest 
stage  reached  at  Ottawa  being  about  39  feet  The  first  flood  of 
1904— that  of  May  80— reached  a  stage  at  Ottawa  of  34.8  feet,  Hut 
is,  about  5  feet  hi^er  than  the  1898  flood.  The  second  flood  of 
1904— that  of  June  27— reached  a  stage  at  Ottawa  of  26.6  fMt»  that  is, 
to  within  2^  feet  of  the  flood  of  1898.  The  third  flood  of  1904— thit 
of  July  8 — ^reached  a  stage  of  S0.7  feet,  that  is,  2  feet  higher  than  the 
flood  of  1898. 

Each  of  these  floods  was  due  to  very  heavy  rainfall  following  i 
period  of  excessive  precipitation.  The  rainfall  for  May,  1904,  wis 
11.68  inches,  and  the  rainfall  in  the  twenty-four  hours  just  preceding 
the  flood  was  5.20  inches.  In  May,  1898,  when  the  previous  greit 
flood  occurred,  the  rainfall  for  May  was  11.67  indies,  and  the  rainM 
for  the  twenty-four  hours  just  preceding  the  flood  was  4.06  inches. 

DAMAGE  DONE  BY  FLOODS. 

The  1904  floods  on  this  river  appear  to  have  been  higher  and  did 
more  damage  in  the  vicinity  of  Ottawa  than  anywhere  else  along  the 
stream.  The  damage  done  was  due  mainly  to  tiie  water  overflowing 
and  standing  on  the  ground,  and  very  little  to  scouring  action.  About 
250  houses  in  Ottawa  were  flooded  and  their  occupants  driven  out. 
The  city  water,  gas,  and  electric-light  plants  were  flooded  and  the 
city  left  without  watt^r  and  light  for  several  days.  The  water  stood 
1^  feet  in  depth  on  the  floor  of  the  Santa  Fe  Railway  station,  and 
about  3  inches  in  depth  on  the  floor  of  the  Missouri  Pacific  Railway 
station.  Railway  traffic  was  suspended  for  about  three  days.  The 
river  bottom  was  flooded  for  several  days  for  a  width  varying  from 
one-fourth  mile  to  2  miles,  and  all  the  crops  in  the  overflowed  portion 
were  destroyed.  Some  stock  in  the  river  bottoms  was  destroyed ;  also 
numerous  fruit  trees,  especially  the  smaller  ones.  The  water  passed 
over  the  three  bridges  in  Ottawa,  but  none  of  them  was  injured  to 
any  great  extent.  The  water  was  3  feet  in  depth  on  Main  Street 
Bridge,  where  the  gage  is  located. 

The  se(!ond  flood,  which  reached  its  height  about  June  27  at  a  gagt* 
height  of  2(>.()  feet — that  is,  7.7  feet  lower  than  that  of  May  30— 
was  commented  on  by  the  Ottawa  Republic  as  follows: 

VVliile  the  area  covere<l  in  Ottawa  lo'  this  flood  is  considerable,  not  so  many 
faniili(»s  have  \yeen  ooniiielled  to  move  as  onlinarily  have  in  tlie  case  of  Hoods  of 
fHiiial  heiji^tit.  for  the  reason  tliat  tlie  bij?  flood  caused  a  score  or  more  of  lowly 
homes  to  be  washed  away  that  never  have  l)een  replaced. 

During  the  third  flood,  which  reached  its  height  July  8  at  a  gage 
height  of  30.7  feet,  the  c\t^'"i»»  ^u^v^i^^  of  water  and  gas  were  again  cut 
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^ff.     Many  persons  were  driven  from  their  homes, 
railway  traffic  were  nearly  suspended  for  a  few  days. 


Business  and 


PREVENTION    OF   FUTURE   DAMAGE. 


The  area  of  waterway  at  Main  Street  Bridge,  Ottawa,  is  about 
i,000  square  feet  to  the  lower  surface  of  the  bridge.  The  overflow 
area  here  was  probably  at  least  6,000  square  feet.  The  actual  area  pro- 
vided for  passing  the  discharge  of  this  stream  is,  therefore,  not  more 
than  40  per  cent  of  the  water  area  on  May  30,  1904.  The  Atchison, 
Topeka  and  Santa  Fe  Railway  crosses  the  river  on  an  embankment. 
The  water  overflowed  this  road  and  wore  holes  several  cubic  yards  in 
capacity  in  some  places,  showing  that  there  was  a  considerable  dif- 
ference in  elevation  of  the  water  on  the  upstream  and  downstream 
sides  of  the  embankment  and  that  the  embankment  acted  as  a  dam. 
Large  trees  grow  close  to  the  water's  edge  along  this  stream.  These 
trees,  while  they  served  to  protect  the  banks  from  erosion,  retarded 
the  flow,  and  drift  collected  in  front  of  them,  forming  a  dam.  Con- 
clusive evidence  of  this  action  can  be  seen  a  short  distance  above  the 
upper  bridge  in  Ottawa.  This  is  a  crooked  stream,  with  rather  slug- 
grish  flow,  and  if  the  flood  height  is  to  be  reduced  to  a  minimum  the 
flow  should  not  be  obstructed  by  bridges,  embankments,  trees,  and  the 
like. 

ARKANSAS  RIVER  FLOODS, 
GAGE    HEIGHT   AND   DISCHARGE. 

The  floods  on  Arkansas  River  from  Wichita  to  Arkansas  City  were 
greater  in  1904  than  ever  known  before.  Maximum  fluctuations  of 
the  river  surface  from  May  30,  1889,  to  July,  1904,  given  by  the 
United  States  Weather  Bureau  gaging  station  on  Douglass  Avenue 
Bridge,  at  Wichita,  are  given  below: 

Maximum  ntaifva  of  Arkansas  River  at  Wichita,  Kans, 


Date. 

G&ge 
height. 

Feet. 

5.  a 

5.6 
6.3 
7.0 
7.4 

7.2 

Date. 

Gaare 
height. 

M^y  '^,  l^^flO 

April  13,  1901 . . 

Feet. 
6.0 

Jane  10, 1889 

June  9,  1901  ...      

4.3 

Jtrne  10,  1899 

Jane  3,  1902 

5.9 

April  22, 1900 

June  2.  1903 

Jane  4,  1904 

7.6 

May  28, 1900 

Jane  8, 1900 

6.0 

1  July9,1904- 

10.2 

It  is  seen  that  the  July  9,  1904,  flood  was  2.G  feet  higher  than  any 
previous  flood  since  the  gaging  station  was  established^  but  tb.\s>  d\fi5^- 
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tsnt^  in  gBg^  height  between  the  AckxIh  of  H>04  ami  otht^r  fliKHi^  doeti 
not  convey  an  adequate  idea  of  the  difference  iji  vohinie.  The  i\'^ 
corded  range  of  stage  of  the  Arknnsas  at  AVichit4i  is  only  alMnit  KU 
fe<>t,  whcreds  tht^  ranp^  of  stajje  of  the  Ni*osho  at  lohi  is  22  fec4,  that 
of  Fall  River  at  Falhiver  i^  30  feet,  and  lliat  of  the  Vi*rdi^ris  *i 
Intleijentlcncei  ii*  43  feet.  Vet  the  change  in  volume  of  the  Arkansas 
is  from  70  to  40.(XJO  second- ft^t,  whereas  the  **hangje  in  vol u me  nf 
the  Verdigris  is  only  from  30  to  i>0,4tK),  Arkansiis  Kiver  flows  in  a 
relatively  wide,  shallow  channel,  witli  low  banks  and  sandy i  diaiigr- 
able  Ijed,  with  a  considerable  fall  imd  rapid  velfK^ity,  making  it  m- 
possible  for  the  change  of  stage  to  Ik*  as  great  as  that  of  the  Verdigris 
or  the  Neosho,  on  account  of  the  shallow  channel  and  steep  slope. 

I  FLOOD    NEAR    AKKANaAB    CITY, 

■  The  fluctuations  of  the  surface  of  the  Arkansas  at  Arkansas  City 
during  the  floods  of  1904  and  the  corresponding  discharge  are  given 
by  the  gage  readings  below,  taken  at  the  United  States  Goologicii 
Survey  gaging  t^tation  in  Arkansas  City: 


Gtoffe  heiffht  utifl  diHfhuruf  of  Arkamtajt  River  fttmtl  ttt  Arkannatt  Gity^  4un€  1  h 


DHte. 


June  1 

Jnne  2 

June  4 
Jiine  5 
June  6 
June  7 
Jnne  8 
Jiily  1 
July  3 
JnlyS 
Jnly  4 
July  5 


hei^] 


6.20 

BAQ 

11.20 

12.90 
13.30 
10.80 
8.90 
8,10 
7.00 
6.&0 
7.50 
8.70 
fi.50 


Diti- 


3,200 
7,12G 

14,440 

21,470 

34,100 

13,290 

8,810 

7.135 

4,355 

a,  55?y 

5,445 

B,566 

10,1*55 


DAte. 


July  6. 
July  7  - 
Jnly  8 . 
Jtily  ft  - 
July  10 
July  11 
Jnly  13 
Jnly  1  a 
Jnly  14 
Jnly  15 
Jnly  16 
Jnly  17 
Jnly  18 


10.50 

13.30 

14,^ 

14.00 

15.30 

14.50 

13.80 

13.50 

11.80 

0.30 

8.10 

7.30 

7.00 


dbmrw 


Sec.  /«f , 
13,»5S 
27,S47 

40, 3» 
35,CT 
30,787 
31,^ 
17,  S» 
10,  OSS 

4,773 
4.35» 


It  is  seen  that  two  floods  occurred  here  this  season — one  that 
reached  its  maximum  on  June  5,  with  a  gage  height  of  13.3  feet,  and 
another  that  reached  its  height  on  July  10,  with  a  gage  height  of  15.2 
feet  and  a  discharge  of  40,355  second-feet  The  ordinary  gage  read- 
ing of  low  water  at  Arkansas  City  is  about  2  feet,  so  that  these  flood 
crest6*  are  11.3  and  13.2  feet,  respectively,  above  low  water.    There  is 
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a  ditfen»nco  of  only  about  2  feet  in  the  elevation  of  the  crests  of  these 
floods  at  Arkansas  City,  whereas  the  difference  in  elevatioA  of  the 
ijrests  at  Wichita  is  alK)ut  4  feet.  This  is  partly  due  to  the  flood  of 
the  Little  Arkansas  at  Wichita,  and  to  the  greater  facility  for  spread- 
ing out  over  the  valley  at  Arkansas  City.  Both  banks  at  the  latter 
plac«  are  low  and  subject  to  overflow.  A  levee  of  sand  banks  on  the 
right  side  prt»vented  overflow  of  that  bank,  but  the  left  bank  was 
submerged  for  half  a  mile  from  the  river.  The  maximum  depth  of 
this  overflow  on  July  10  was  about  5  feet.  The  area  of  overflow  was 
7,205  square  feet,  and  the  total  flood  area  11,287  square  feet.  The 
total  discharge  was  40,885  cubic  feet  per  second.  The  flood  of  July 
remained  for  five  days  higher  than  ordinary  floods,  and  being  about 
2  feet  higher  destroyed  a  much  larger  4irea  of  the  river  bottom  than 
ever  before.  A  pile  bridge  across  the  river  at  Arkansas  City  was 
swept  away  by  the  flood. 

FIXX)D    NEAR    WICHITA. 

The  fluctuations  of  the  surface  of  Arkansas  River  at  Wichita 
and  Hutchinson,  furnished  by  Mr.  George  T.  Todd,  United  States 
weather  forecaster,  are  as  follows : 

Gage  height  of  Arkanms  River  at  Wichita  and  Hutchinson,  Kans.,  July  i  to 
[ITnited  States  Weather  Bureau  record.  1 


Dat©. 

Wichita. 

Feet. 
3.2 
4.« 
4.3 
5. 5 
7.1 
9.1 
10.1 
10.2 
9.7 

Hutchin-    i 

»OD. 

Dato. 

Wichita. 

Hutohin- 
Hon. 

July  2     

Jnly  3 

Jnly  4 
Jnly  5 

Jnly  6 

Jnly  7 

Jnly  8 

Jnly  9 

Jnly  10 

Feet. 
3.4  . 
3. 2 
3.4 
3.9 
4.9 
4.7 
4.2 
«.H 

3.0  ! 

1 

July  11 

July  12 

Jnly  13 

Jnly  14       

Jnly  15 

July  16   .... 

Jnly  17 

Jnly  \>< 

Feet. 
8.6 
7.6 
6.3 
4.8 
3.9 
2.8 
2.3 
1.9 

Feet. 

2.8 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 

NoTK. — <'reHt    of   IJMM    flood    was   about. 
higher  than  crest  of  1M70  thMxI. 


foot   hi^hor   than   that    of   llHKt   and   a    little 


The  low-water  ^a<r*»  reading  at  Wichita  is  — 0.0  foot,  so  that  the 
excess  of  the  July  flood  was  al>out  lO.iS  foet  above  lowest  low  water. 

Flood  marks  here  indicate  that  the  flood  of  1S77  did  not  reach  as 
^eat  an  elevation  as  the  flocxl  of  July  8,  1004.  Al)ont  three-tenths  of 
the  city  of  Wichita  was  submerged  during  the  larger  of  the  two 
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HiHJiLs,  liidt*ed,  it  appi^aivd  on  tht*  iiif^ht  of  Jiilv  8  that  ab^JUt 
tenths  of  the  city  was  imdot  water,  l>ut  tJie  greater  part  of  this 
t'U  r 1 1  i'  from  n  vt* ry  hen  ^  y  r a  i  i u  a  n ( 1 1 1 ot  f I'om  st  rea  1 1 1 s. 

Tht*  largi*r  jmrt  af  tUt^  QveHl<»w  rariu^  from  Li  I  tie  Arkansa^s  Bi' 
and  t 'hisholm  Civek.  This  crcM^k  tnivorst^s  a  coiiHiderahle  portiao  d 
the  city,  hnl  its  waterway  then*  was  ruit  sutli<  iently  large  to  earn  ' 
floo<i  siafcly,  and  the  area  on  eadi  hide  wa^  fiiiodcKL  The  LittK^  \i 
l<an!sas  is  very  ernokt^ti  and  empties  into  the  Arkansas  where  ih 
diannel  is  very  narrow.  As  a  result  of  this,  the  watt.*r  hnf*kcd  uj>  mi 
subiUiTged  a  eunsiderahk^  portion  of  the  city  in  that  viciiiity,  T\m* 
an>  ^even  lyridge*^  across  the  Arkansas  within  tlic  city  H initio  d 
Wichita,  and  each  nt  them,  with  the  single  exception  of  the  DougU* 
Avenue  Rridgts  i-ests  on  pik*s  which  collected  the  drift,  retarded  tli^ 
flomU  and  cammed  overflow. 

Tlie  damage  in  the  city  due  to  the  overflow  is  estimated  to  be  about 
SpHO.Of^Kl  All  the  railway  tracks  in  the  vicinity  were  under  water  and 
traflk^  greatly  delayed  or  suspended.  The  farmers,  however,  liriag 
alon*^  tlie  river  valley  suffered  to  the  greatest  extent,  as  all  the  cTi^ps 
on  the  submerged  land  were  destroyed. 

The  gage  readings  at  Hutchinson,  given  above,  show  that  the  flood 
was  very  small  at  this  place. 

riiOOD   ON    WALNUT   RTVTIR, 

Walnut  River  rises  in  the  southern  part  of  Marion  County,  flows 
south   and  empties  into   Arkansas   Rivei^  near   Arkansas   City.     Its 

k>n^t[i  from  source  to  mouth  in  a  si  might  line  is  abont  Tr*  mik^.  It 
falls  fnau  an  elevation  of  m  hen  it  1,410  feet  in  1,030  feet  at  its  mouth. 
Its  watcrslied  joins  that  of  the  Cottonwi>od  on  the  north,  of  the 
Verdigris  on  the  cast,  and  of  tlie  Arkansas  rm  the  west.  Its  greatest 
width  is  about  35  miles,  and  its  area  is  about  946  square  miles.  It 
consists  of  gently  rolling  pasture  or  cultivated  land,  with  little 
timber  except  along  the  river  banks. 

The  rainfall  and  floods  of  this  riv^u*  in  1904  were  greater  than 
ever  known  before.  There  is  a  gage  on  the  downstream  side  of  one 
of  the  piers  of  the  Frisco  Railroad  bridge  in  Winfield,  also  high- 
water  marks  on  this  bridge  and  the  machinery  room  of  a  mill  near 
by,  from  which  the  following  data  in  regard  to  the  floods  of  1904 
and  previous  floods  have  been  obtained. 

Four  great  floods  have  occurred  here  in  the  recollection  of  the 
inhabitants— those  of  1877,  1898,  June  4,  1904,  and  July  8,  1904. 

The  high-water  mark  of  1898  was  surpassed  by  25^  inches  in  the 
flood  of  July  8,  1904,  and  by  14^  inches  in  that  of  June  4,  1904.  The 
marks  of  the  1877  flood  are  not  very  distinct,  but  the  general  belief  is 
that  the  flood  of  July  8,  1904,  w^as  somewhat  higher  than  that  of  1877, 
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3.as  the  highway  bridge  at  Winfield  was  built  above  the  high-water 
^tmark  of  that  flood,  and  the  w^ater  in  July,  1904,  was  8  inches  in  depth 
on  the  floor  of  this  bridge. 

^  PENKSYIiVANIA  FIX>C)D8. 

-  By  E.  C.  Murphy. 

J        Floods  of  short  duration,  due  to  heavy  downpour  of  rain,  have 

tf   occurred  at  a  number  of  places  on  comparatively  small  streams  with 

.    eteep,  narrow  channels,  during  the  past  year.    Two  of  these,  namely, 

.    fiobinson  Run  and  Johnstown,  both  in  Pennsylvania,  will  be  described 

in  this  paper.     They  illustrate  the  need  of  providing  an  ample  way 

for  such  streams  and  of  keeping  it  always  open.     Sooner  or  later 

the  damage  caused  by  such  floods  will  much  more  than  offset  the 

small  gain  due  to  encroachments  on  the  natural  width  of  the  stream. 

JOHNSTOWN  FLOOD. 

Damage  amounting  to  several  thousand  dollars  was  done  at  Johns- 
town, Pa.,  by  a  very  heavy  downpour  of  rain  on  Saturday  evening, 
July  8,  1904.  During  the  twenty-four  hours  ending  at  8  a.  m.  July 
9,  2.98  inches  of  rain  was  measured  at  the  United  States  Weather 
Bureau  station,  of  which  1.45  inches  fell  between  8  and  9.30  p.  m.  on 
the  8th.  This  rain  fell  so  very  rapidly  that  the  street  gutters  could 
not  carry  off  the  water  with  sufficient  rapidity,  and  the  streets  were 
flooded,  sewers  clogged,  and  basements  and  cellars  of  houses  entered. 
The  hills  surrounding  Johnstown  are  very  steep ;  the  minor  streams, 
one-half  mile  to  2  miles  in  length,  that  are  ordinarily  dry  became  very 
much  swollen  and,  passing  down  the  steep  hillsides,  carried  large 
amounts  of  gravel  and  bowlders  that  quickly  choked  culverts  and 
other  waterways,  causing  overflow  into  the  streets  and  surrounding 
territory. 

The  flood  down  Bedford  street  is  thus  described  in  the  Johns- 
town Tribune : 

The  occasion  of  all  the  claiiiage  on  Bedford  street  was  the  little  stream — 
ordinarily  the  merest  rivulet — which  drains  Meyers  Hollow.  The  cloud-hurst  of 
Saturday  night  converted  this  hrooklet  into  a  racing  flood  which  tore  down  Brown 
avenue  to  Bedford  street,  hearing  with  it  tons  of  earth,  rocks,  and  logs.  Its  first 
onslaught  was  on  the  house  of  D.  B.  Parker,  the  lower  floor  of  which  was  almost 
instantly  covered  to  a  depth  of  .'i  feet  with  slimy  mu(L  From  here  the  flood 
swept  on  down  Bedford  street  to  the  corner  of  Main,  where  it  formed  a  veritable 
lake.  As  usual,  the  cellars  of  the  Merchants'  Hotel.  Nathan's,  and  Swank  Hard- 
ware Ck)mpany  were  attiu^ked,  and  with  the  exception  of  Swank's,  where  an 
electrical  pump  kept  ahead  of  the  influx,  were  pretty  well  fllled. 

The  quantity  of  material  brought  down  by  these  streams  delayed 
the  street  cars  for  several  hours.    Traffic  on  the  Pennsylvania  Kail- 
IBB  147—06  M 8 
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road  was  delayed  for  ten  hours  by  tht>  lnudMjide  at  Bntienoilk  FiDs, 
all  four  of  the  tracks  Ix^inp  coveri^d  to  a  depth  of  sevtTal  {«*^L 

The  rainfall  which  ciius**d  this  damage,  though  large,  was  local 
as  shown  by  the  flow  of  tht*  larger  streams*  ITie  readings  nf  the 
United  States  Weather  Bureau  gage  at  Franklin  Street  Bridgt> 
Johnstown,  on  Stony  Creek,  show  very  little  change  of  stage. 


Gone  height  ai  Johnstown^  Fa,,  190 J^, 


iH 


Jnly  10 


8.6 
&.4 


July  IB 
July  18 


It  is  easily  seen  tliat  thi??  damagvi  was  not  due  to  overflow  of  tlje 
])rincipal  streani.s,  but  to  that  of  the  minor  streams,  and  to  the  fact 
that  tlie  street  gutters  in  the  low  part  of  the  city  wer©  not  larp 
enough  to  carry  off  the  water  that  fell  on  the  streets* 

ROBINSON    RUN    FLOOD.« 

On  Jane  28, 1904,  there  ocenrred  a  flood  on  Robinson  Run  that  M 

much  dnmage  to  property  along  its  banks,  especially  in  Oakdale,  Pi. 

This  stream  is  a  comparatively  small  one  that  rises  about  20  miles 
west  of  Pittsburg,  Pa.,  flows  in  a  southeasterly  direction,  and  empties 
into  Ohio  River  about  2  miles  west  of  Pittsburg.  Its  principal 
tributary  is  Robb  Run,  which  enters  it  near  Oakdale.  The  water- 
shed has  steep,  uncultivated  slopes,  with  little  timber.  The  stream 
has  a  steep  slope  and  a  rapid  run-off.  The  Pennsylvania  Railroad 
runs  along  Robinson  Run  from  Walkers  to  Oakdale,  thence  along 
Robb  Run  to  beyond  McDonnell. 

The  flood  occurred  on  the  evening  of  June  28.  During  the  day 
there  were  occasional  heavy  show^ers,  and  from  6  to  7  in  the  even- 
ing it  rained  very  heavily,  especially  along  the  north  branch  of 
Robinson  Run.  As  a  result  these  two  streams,  especially  Robinson 
Run,  were  transformed  into  raging  torrents. 

Some  damage  was  done  at  McDonnell  on  Robb  Run.  This  creek 
rose  to  flood  stage  in  about  fifteen  minutes  and  was  back  again  to 
near  its  normal  stage  in  about  two  hours.  It  overflowed  its  banks, 
filling  cellars  with  water,  damaging  furniture,  and  carrying  away 
sidewalks  and  a  few  small  bridges. 

The  flood  on  Robinson  Run  was  much  larger  than  on  Robb  Run. 


*  From  report  in  Oakdale  Times. 
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'  jfts  height  at  Oakdale  was  due,  in  part  at  least,  to  the  obstruction  of 

▼5ihe  channels  in  and  just  below  the  town,  where  it  was  badly  obstructed 

is>y  the  railway  bridge.    The  water  was  about  15  feet  deep  in  the 

"greeks  at  Oakdale  and  7  feet  deep  on  the  floor  of  the  Oakdale  Times 

:  ^office.    All  the  buildings  in  the  lower  part  of  the  town  along  the 

i^rtsreek  were  flooded.     Sixty  families  lost  their  furniture  and  II  houses 

were  either  destroyed  or  very  badly  injured.    Some  of  the  business 

houses  lost  a  considerable  amount  of  stock,  damaged  by  the  water. 

—  Three  bridges  across  Robinson  Run  in  the  vicinity  of  Oakdale  were 

destroyed,  also  other  bridges  farther  down  the  ci^eek.     The  total  loss 

was  estimated  to  be  about  $30,000,  one-half  of  which  was  for  bridges. 

TKOXTON  CAXYON  FliOOD,  ARIZONA. « 

By  E.  C.  MuBPiiY. 

Floods  of  great  magnitude  and  de^tructiveness  occurred  in  western 
Arizona  on  the  headwaters  of  the  Big  Sandy,  a  tributary  of  the 
Williams,  and  on  Sacramento  Wash,  a  small  tributary  of  Colorado 
River,  in  the  latter  part  of  July  and  August,  1904. 

The  gorge  commonly  known  as  Troxton  Canyon  is  about  3.5 
miles  long  and  is  located  about  40  miles  northeast  of  Kingman,  Ariz. 
The  country  is  mainly  a  barren,  treeless,  elevated  plateau  with  an 
occasional  low  range  of  mountains,  through  one  of  which,  known  as 
Cottonwood  Cliffs,  the  Big  Sandy  has  cut  its  way,  forming  the  gorge 
in  question.  This  is  crooked  and  its  bed  has  a  very  steep  slope.  The 
Santa  Fe  Railway  passes  through  it,  crossing  it  at  several  points  on 
steel  bridges. 

The  stream  in  this  canyon  is  usually  dry,  but  on  July  30  it  had  a 
depth  at  one  of  these  bridges  of  more  than  30  feet  and  a  very  high 
velocity.  The  stream  remained  at  maximum  stage  about  half  an 
hour. 

The  nearest  place  to  the  canyon  where  precipitation  is  measured  is 
Kingman,  Ariz.  The  records  there  show  a  rainfall  in  July  of  0.79 
inch.  The  precipitation  over  the  greater  part  of  western  Arizona 
in  August  varied  from  2  to  9  inches  in  depth,  being  0  inches  or  more 
above  the  normal  at  some  places.  Unfortunately,  so  far  as  known, 
no  measurements  of  stage  or  discharge  of  the  floods  were  made  along 
either  of  these  streams  in  July  or  August. 

Five  steel  bridges  of  approved  construction,  built  since  1898,  cross 
the  stream  in  the  canyon.  Two  of  these,  of  80  feet  span,  were 
destroyed  by  the  flood ;  two  others  of  80  feet  span  were  not  destroyed, 
but  the  water  and  drift  passed  over  them;  the  fifth,  consisting  of 

•Largely  prepared  from  an  artlcio  In  the  Railway  Ajje  !)y  A.  F.  UobinKon,  bridge  en.:;!- 
neer  of  the  Atchison.  Topeka  and  Sunta  Fe  Railway,  on  the  damage  to  the  railway  prop- 
erty daring  the  flood. 


UESTBUCTIVE   PLOODB   IN    UNITED   STATES    XJf    19IH.      t«tl 


E 


MURPHT  AND"! 
f>THEBS.      J 


TBOXTON   CANYON   FLOOD,  ABIZONA. 


117 


three  80-foot  spans,  had  about  60  feet  of  the  east  approach  washed 
out.  Bridge  No.  604,  an  80-foot  bridge,  was  destroyed  by  this  flood 
(PL  VIII).  Although  the  east  abutment  of  this  bridge  weighed 
over  600  tons,  it  was  carried  by  the  water  about  150  feet  down- 
stream and  turned  through  an  angle  of  about  180  degrees.  The  west 
abutment  was  founded  on  rock,  the  east  one  on  adobe,  rasting  on 
a  concrete  footing  extending  7  or  8  feet  below  the  bed  of  the  stream 
on  a  timber  grillage.    There  was  a  protection  wall  at  right  angles  to 


Fio.  11. — Desif?n  of  east  abutment  of  bridge  No.  OtM,  Santa  Fe  Railway.  Troxton  Canyon, 
Arizona.     From  Railway  Ape. 

the  abutment  and  extending  about  16  feet  into  the  bank  to  prevent  the 
water  from  cutting  around  the  end,  but  the  stream  cut  under  this  and 
tipped  it  and  carried  away  the  abutment.  The  protection  wall  was 
not  carried  down  to  the  depth  of  the  main  part  of  the  abutment;  pos- 
sibly if  it  had  been  the  abutment  might  not  have  failed.  The  water 
not  only  destroyed  this  east  abutment,  but  washed  away  the  bank  to  a 
distance  of  about  35  feet.  Fig.  11  shows  a  plan  and  an  elevation  of 
this  east  abutment;  fig.  10  shows  erosion  of  channel  in  the  vicinity 
of  bridge  No.  604  and  relocation  of  railway. 


GLOIIK  FLOOD,  ARIZOKA, 

By  O,  T,  Hkedy, 


K During  August  then*  won^  almoHt  ilailv  floods  on  this  nlreani  iid 
lu*r  sirmiiis  in  \ve^U*rri  Ari/^oiuu  nuiking  the  nulroaO  n'piiir?^  nrf 
diflinilt  jnul  ^^xl>en^iv^\  On  Au*^iij^1  2  one  tif  the  hirge-nt  of  lK«i 
flfMjels  oc^'urriHi,  duing  caiiHiderahle  damage  in  thiw  ctiiiymi  and  tba 
along  SfttTrtMu*n to  WmsIi,  tbrongh  Avhich  ihti  Suntji  Fe  Haihvfiy  \mmB^ 
Between  Yucca  aiul  Ilavilaiid  tliu  liridgi^  and  (HX)  ft^^et  of  mad 
dt*stroy<HL 

The  damage  tunified  by  tlie  flood  was  almost  entirely  to  the  railway 
Iiru.s  iind  cum  prised  a  hirge  \om  oi  biLsitiess,  traflie  being-  sus^^eiitlf^ 
tiftt***n  days.  From  Los  Angeles  to  Alhutjuerqiie  for  some  days  it 
was  iiecesHary  for  the  Santa  Fe  trains  to  pass  over  the  SoiitWm 
PaciHo  tracks  to  Maricopa  and  thence  nortii  througb  I^hoeuix  to  ikit 
Santa  Fe  tracks. 

From  slope>4  tind  cross  s<*etions  in  this  canyon  taken  after  this  flood 
ijy  tfie  Santii  Fe  engineers  it  Uus  lw*en  estimated  thut  the  tiuixhuiiia 
in  this  canyon  was*  appi*uximately  49*tXK)  seeond-feet, 

|BThe  Pinal  Creek  floo<l  of  1904,  generally  known  as  the  Glol^e  floorl^ 

'   since  f)oth  the  rainfall  which  caused  it  and  the  greatej^t  dania^rt* 
CK'Curred   in  the  immediate  vicinity  of  (flobe,  Ariz.,  took   place  uu 
the  afternoon  of  August  17.     The  raii^  U^gan  to  fall  alxitit  £i,30  p.  m. 
in  a  gentle  shower,  which  in  a  few  minutes  increased  to  a  veritable 
cloud-burst,  continuing  without  abatement  for  about  three-quarters 
of  an  hour.     Pinal  Creek  l)egan  to  rise  within   fifteen  or  twenty 
minutes  after  the  rain  conunenced,  and  reached  its  highest   point 
about  G  o'clock.     The  storm  was  local,  extending  from  the  divide 
5  or  ()  miles  to  the  southwest  and  southeast  of  Glol)e  to  atx)ut  tlie 
northern  limits  of  the  town.     The  area  covered  was  only  about  25 
or  HO  square  miles.     The  water  all  fell  within  an  hour,  and  measured 
2.05  inches  at  (ilol)e.     In  order  to  estimate  the  amount  of  the  ticKxl 
waters  I  took  several  cross  sections  of  the  creek  up  to  the  high-water 
nuirk,  and  also  measured  the  slope  of  the  creek  bed.     From  these 
data,  and  assuming  /^  the  coefficient  of  roughness,  to  be  0.025,  the      \ 
discharge  per  second  was  computed  by  Kutter's  formula.     The  fjrst 
cross  section  was  taken  just  behind  Mr.  A.  Kinney's  barn,  the  high- 
water  mark  l)eing  a  point  shown  by  Mr.  Kinney.     The  discharge  at 
this  j)()int  as  computed  is  about   11,000  feet  per  second,   which  i"^ 
checked  pretty  closely  by  the  computed  discharge  for  a  cross  sectiofi^ 
taken  200  or  liOO  yards  l)elow,  at  the  footbridge.     The  discharge  a^^ 
the  latter  point  was  about  11,500  second-feet.     Between  this  poin^^ 
and  the  northern  limit  of  the  rainfall  two  large  drainages,  Graveyarc^^ 
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Wash  and  Copper  Hill  Wash,  flow  into  Pinal  Ci'eek.  No  measure- 
ments were  taken  on  the  former,  because  it  added  very  little  to  the 
flood  water,  and  all  the  high-water  marks  were  made  a  couple  of 
weeks  after  the  big  flood,  at  a  time  when  the  wash  was  discharging 
four  or  five  times  as  much  as  at  the  time  of  the  flood.  Copi)er  Hill 
Wash  was  measured  and  the  discharge  found  to  be  about  3,000 
second-feet.  This,  added  to  the  last  alx)ve-mentioned  discharge  of 
the  creek,  makes  14,500  second-feet,  which  checks  pretty  well  with 
the  computed  discharge  at  the  third  cross  section.  This  was  taken 
at  a  point  about  a  hundred  yards  above  the  Government  warehouse, 
and  at  about  the  limit  of  the  rainfall.  The  above  discharge  data  are 
given  in  the  tabulation  below: 

Data  on  diHcharge  of  Pinal  Creek  and  Copper  Hill  Wash,  Globe,  Ariz.,  August 

11,  J9(fl 


Locality. 


Pinal  Creek: 

Kinney's  bam 

Footbridge,  Broad  at- . 
<:k>pper  Hill  Wash: 

Abont   i   mile    from 


month 


Area, 

cruHs 

section. 


United   States  ware- 
honse 


Sq./eet. 

800 
610 


105 


068 


Wotted      Hy- 
perime-   draulic 
ter.       radiuH. 


Feet. 

200 
90 


28 


240 


4.0 
6.8 


3.8 


4.0 


0.025 
.025 


.025 


Slope. 


0.008 
.008 


.042 


.025  i     .008 


Coeffl 


J 


Dift- 


*^»?°*'   ,  charge. 


Sec.  feet. 

10.900 
11,500 


76  I      8,200 
76  I     13,200 


The  average  duration  of  the  high  waters  of  the  flood, 
a  number  of  observei-s,  was  about  forty  to  fifty  minutes. 
that  the  discharge  was  half  the  maxiilium  for  an  hour 
one-fourth  the  maximum  for  two  hours  more,  the  total 
water  discharged  is  as  follows : 


4i>  minutes,  at  14.000  cubic  f(H»t  per  swond. 
GO  minutes,  at  7,0()0  cubic  feet  per  s«^m)iu1_ 
120  minutes,  at  3,500  cul)ic  feet  i)er  second. 


as  given  by 
Estimating 
Icmger  and 

quantity  of 

('u!>U'  ftvr. 
__  37,  S(K),000 
._  25,200,000 
__  25.  200.(XM) 


Total - 8«,200,(KK) 

If  this  amount  of  water  woi-e  distributed  evenly  over  25  square 
miles  the  depth  would  he  1.52  iiiclu^s.  This,  of  coui'se,  d(K»s  not 
necessarily  disagree  with  the  2  inches  ohsei'vi^d  rainfall  at  (ilobe, 
since  the  area  coveivd  by  the  rain  is  moi-e  or  less  estimated,  and  it 
is  reasonable  to  suppose  that  over  part  of  this  ai'ea  the  fall  was 
much  less. 

Cross  sections  were  also  measured  about  15  miles  below  Globe,  at 
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WheatHeiflsj  where  tlie  c*Dnipnti*ti  disehargo  nvera^nj  iiImhH  5,0)0 
Hecond-f€H?t.  I  was  unablt^  to  i\v\in*nmiQ  how  long-  the  flow  continufl 
Mr,  DevoiT,  who  lives  at  WTieatfields,  stated  that  the  water  hups^ 
to  come  down  al>out  8  o Vltx!k  and  that  the  water  wus  nearly  nomul 
next  monuug.  Estimating  the  average  flow  at  one-half  the  com- 
puted discharge,  and  its  coiitinimnce  at  eight  hours,  gives  i^,OOOJIiJ0 
cubic  feet  at>  the  total  (luaiUity  of  water.  Tliis  does  uot  grtatlr 
disagree  witli  the  (tIoIx^  obincr  vat  ions. 

The  principal  damage  caused  by  the  flood  was  to  the  property  of 
the  Gila  Valley,  Gloi>e  and  Northern  Railwa}^  The  stock  yards  and 
a  number  of  cottag**.s  rwcupied  by  the  railway  employee.^  were  partJj 
wadied  away.  All  the  bridges  and  culvert>s  in  the  lower  part  of  towii  ^ 
were  either  destroyed  or  badly  damagt^d  and  long  ^^t retches  of  the 
roadbed  entirely  carried  away.  The  h>^  was  about  $5,0<X3*  The  bd- 
anee  of  the  damage  was  sustained  principally  by  the  merchants  no 
lower  Broad  strt^*t.  Several  buihlings  were  lifted  from  their  foim- 
dations  and  carried  acroas  the  street.  The  goiMls  in  these  building 
were  all  destroyed.  In  uumy  other  buildings  the  water  stood  18 
inches  deep,  destroying  or  damaging  much  of  the  contents.  The 
total  losses,  including  that  of  the  railroad,  were  about  $18,000, 

A  most  disti'esBing  feature  of  the  fltjod  was  the  great  loss  of  lift- 
Six  persons  were  drowned  in  a  few  minutes.  The  first  one  was  prob- 
ably asleep  in  Iiis  cabin  on  the  low^  gnumd  when  the  wall  of  w*ater 
came  down  and  carried  the  building  away,  Tlie  other  five  persons 
were  in  the  Mitchell  boarding  house.  AMien  the  flood  set  in  there 
w^ere  eight  persons  in  the  house,  two  of  whom  made  their  esca{x>,  and 
a  third,  son  of  the  proprietor,  went  to  secure  r(y>es  with  which  to 
rescue  the  others,  three  of  whom  were  women,  one  a  cripple.  Before 
he  could  return  the  house  and  its  occupants  had  been  swept  aw^ay. 

I  am  indebted  to  Mr.  Jos.  II.  Ilamill,  of  the  Silver  Belt;  Mr.  A. 
Kinney;  Mr.  Cottee,  of  Cottee  &  James,  electricians,  and  Mr.  M.  S. 
McEniry,  of  the  United  States  Geological  Survey,  for  the  greater 
part  of  the  information  upon  which  this  report  is  based. 

CANADIAN   KIVER   BASIT^   FT.OOD,   NEW   MEXICO,  OKl^A- 
llOMA,   AND    IXDIAX  TEKRlTORY.« 

From  September  80  to  October  2,  1904,  occurred  the  largest  and 
most  destructive  flood  on  record  in  the  upper  part  of  the  Canadian 
River  drainage  l)asin.  It  was  causiMl  by  a  very  heavy  downpour  of 
rain  September  28  to  30  on  the  headwaters  of  this  river.  Although 
much  damage  was  done  along  the  stream  in  Oklahoma  and  Indian 
Territory  the  storm  causing  the  flood  did  not  extend  beyond  the 
eastern  border  of  New  Mexico,  as  lite  Creek,  which  drains  a  narrow 


«  Prepared  mainly  from  report  of  Frank  S.  Dobson  and  George  B.  Monk,  engineering  aids. 
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ip  extending  nearly  nortli  and  south  in  the  eastern  part  of  New 
jxico,  did  not  show  any  marked  rise  during  the  period. 


STRI'UMS  AND  DRAINAOE  BASIN. 


The  Canadian  River  basin  comprises  a  long,  narrow  strip  of  land 
ng  between  the  Arkansas  and  Red  River  drainage,  extending 
rthwest  from  the  east  boundary  of  Indian  Territory  through  Okla- 


T 


rj^'^^:^  irf    N      I      0      N 


t^--M^^^ 


Fig.  12. — Upper  portion  of  dnilnajrc  basin  of  (^madian  River. 

•ma,  Indian  Territory,  and  northern  Texas  to  the  northern  part  of 

5w  Mexico.     Its  total  Unigth  is  about  875  miles,  its  greatest  width 

0  miles.     (See  PI.  IX.) 

The  part  of  the  basin  in  New  Mexico  where  the  flood  occurred  com- 

ises  an  area  of  about   12.(U)()  s(|uare  miles,  »^,900  square  miles  of 

lich  is  classified  as  mountainous,  4.000  as  plateau,  and  4.000  as 

ains. 

The  mountainous  part  ranges  in  elevation  from  8,000  to  Iti^OOO  fe«.t., 

me  of  the  peaks  being  co\'ered  with  perpetwaV  ssvonn   vjlvA  XnsnnSxv.^ 
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little  vegetation.  The  lower  mount Miiums  part  is  covererl  with  wild 
gnisseH  and  stirne  forest  ^rnmlh*  The  high  plateaus  tire  deeply  cut 
hy  funyons  of  varj^iiig  widtlh  with  numerous  ^ide  ainvoiis,  from  which 
the  siiialk^r  streams  emerge.  These*  canyons  become  deeper  and  wider 
witli  the  deweeiit  mitil  the  plains  are  reached.  On  thet^e  last  are  wit- 
terted  high  niosas. 

The  plains  are  covered  with  a  fine  sandy  loam,  which  prcKluoe^H  i 
thirk  growth  of  wild  grass  similar  to  that  on  the  plateaus.  The 
Canadian  cuts  through  these*  plains  in  a  canyon  a^Kiut  100  feet  d«p 
and  from  (>00  to  800  feet  in  width. 

The  chief  tributaries  of  the  Canadian  in  New  Mexico  are  Utc 
Crc^k,  IKi  miles  lonfr,  with  a  drain agi?  art^a  of  2,010  s<]uare  mile?: 
Trt^mentina  Creek,  GO  miles  long,  with  a  drainage  area  of  670  squai? 
miles;  Pajarito  Creek,  42  miles  long,  with  a  drainage  area  of  ^h(i 
square  miles;  Ocate  Cr«*ek,  72  miles  long,  with  a  drainuge  area  of  5C0 
^iiare  miles;  and  Cimarron  River,  45  miles  long,  ivith  a  draina^ 
area  of  1,050  squani  miles.  Tin*  following  table  shows  the  slope  of  tlu' 
river :^ 


1 

DtstuiGe 
frum  munth 

111  feet. 

mikinfect 

Mouth                             .-             ,-**. 

0 
23 

4«U 

51)0 

L9 

82 

amy 

ir 

104 

700 

45 

tu 

800 

8J 

153 

9U0 

5.1 

Kear  PtirceU                                      *        *  - . 

IBO 
240 

1,040 
t,200 

17 

Chit-ago,  Ecx^k  iKland  and  Pacific  Railway  crosg* 
in^                          . , ,   .  -  . . , 

3.  a 

435 
560 

u 

Taftcosa _^^ .._—-,*- .*..., 

7.4 

727 

r>Am 

15.  ft 

745 

6,393 

118 

Eaton  Bifls,  head .^--. 

758 

7,8&S 

im.i 

The  location  of  the  above  mentioned  tributaries  is  shown  in  fig.  12, 
and  the  profile  of  the  river  in  PL  IX  (p.  120).  The  only  other  tribu- 
tary of  the  Canadian  of  importance  is  North  Fork,  which  enters  the 
main  river  about  35  miles  from  its  mouth. 

«  Gannett,  Henry,  Profiles  of  rivers :  Water-Sup.  and  Irr.  Paper  No.  44,  U.  S.  QnL 
Survey,  1001,  p.  66. 
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Canadian  and  its  tributaries  have  a  steep  slope  and  a  rapid 
The  floods  usually  occur  in  spring  and  are  due  to  the  melting 

They  rise  and  f»ll  slowly  and  remain  at  nearly  maximum 
for  several  days.  Occasionally,  as  in  the  instance  under  dis- 
1,  they  are  due  to  rain  and  are  of  short  duration,  rising  and 
:  very  rapidly.  The  great  velocity  of  the  river,  however, 
these  floods  to  be  very  destructive. 

PRECIPITATION. 

n  September  26  to  30  the  precipitation  over  the  greater  portion 
drainage  basin  of  the  Canadian  in  New  Mexico  varied  from  5 
tiches,  as  shown  by  the  following  table,  prepared  from  the 
I  States  Monthly  Weather  Review : 

Precipitation  in  New  Mexico,  Heptembcr  26-SO,  1904' 


»lace. 

GreateRt  in 
24coi]8ecn- 
tlve  lioars. 

September- 

- 

Total. 

». 

27. 

28. 

2Q. 

ao. 

Inches. 
2.24 
2.17 
2.77 
2.30 
3.98 

Inches. 
0.10 

Inches. 

Inches. 
0.22 

Inches. 
2.40 
2.17 
2.65 
2.30 
3.88 
3.10 
2.30 

Inches. 
1.54 
1.87 
2.77 

1.50 
1.60 

Inches. 
4.26 

ich 

4.04 

aion 

1.80 
1.50 

0.50 
.70 
.80 
.60 
.37 

.96 

1.50 

1.10 

.30 

.63 

6.88 
6.80 
7.88 

r 

5.40 

0 

2.30 
2.80 
3.67 

.05 

4.95 

I 

axwell  . 

total  precipitation  and  excess  for  the  month  of  September, 
it  places  in  this  drainage  basin  is  shown  in  the  following  table : 
Pr<'cipitation  in  yew  Mexico.  September,  JiW.'f. 


Place. 


ich- 


Numl>er 
yearH  rec- 
ord. 


i:{ 

5 

2 

43 

10 


Precipita- 
tion. 


ExceflH. 


&nch.  near  Maxwell 


InchfH. 

6.00 
4.04 
7.11 
6.84 

7.m 

8.81 
5.39 
7.65 


IncheH. 

4.48 
2.75 
2.77 
4.77 
6.49 
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Thhs  exccjis  of  nun  it  lily  ruin  fa  11  vsiried  fi^om  2,75  to  alxnit  fi.5  ineheb 
in  depth;  the  greatest  pixu^iintatiun  iti  twenty-four  c<mst*rntivo  hmm 
wa»)  uliotii  4  tneht^s*  Sticli  n  downpour  of  ruin  oti  h  Im^^in  ill  sterpn 
nonaiitsorlx^nt  siirfaa*  witli  liHli^  or  no  storage  rchsulkHf  in  *"!<ui]deij 
and  very  larg^,  though  lorul,  flood. 

Fr/W)D   ON    CANADIAN   HIT^B. 

The  gage  at  the  gaging  station  at  Logan  was  destroyed  on  Odo- 
ber  2^  IJXKi.  The  mean  daily  ga^^*  readings  to  the  time  when  ilit 
gage  was  washed  away  are  as  follows: 

Gage  height^  in  feet,  of  Vanadiun  Rivrfr  at  Loffan.  i\.  Mvr,,  Septeuiber  iS  Ifl 

Ociober  J,  IQO^. 

Septenil)er   2G ^,„— ^_-_____^ .... ai» 

Septetiiber   27 ^ _-_^ ^ ^ £.33 

S**pteiDl)er  28^ .-- ^____ ...    42i 

September  '29...^^ __„ .. 1 5& 

September   30 ... ____^, ^ „  2k^ 

October   1  ^^_^— _ ^«^. , . .  tXkm 

This  record  Khow^s  a  rise  of  ovei-  29  feet  above  low  water  at  Logan. 
How^  much  higher  the  river  rose  after  the  gage  was  tk^stmyetl  ttw* 
observations  do  not  sliow. 

The  cross  sections  of  the  flood  plain  and  slope  of  the  river  bd 
were  measured  at  places  on  the  river  and  its  principal  tributaries, 
and  the  discharge  computed  by  Kutter'ri  formula:  Q  — FC  ^}iiy\ 
using  a  coefficient  of  roughness  7i=0.035.  The  results  are  given 
in  the  following  table : 

Data  of  Canadian  River  basin  flood,  190^. 


Stream. 


Canadian 
Do.. 
Do-. 

Mora 

Sapello  - . 


Place. 


Logan  .. 
Taylor  . . 
^Vench.. 
Watrous 
Month  .- 


Discharge 
in  second- 
feet. 

Dnrationof 
high  stage 
in  hours. 

140,555 

,. 

91,140 

7 

156,000 

.5 

76,000 

.5 

62,900 

.5 

Mr.  W.  G.  Russell  measured  the  cross  section  and  slope  of  bed  of 
the  Canadian  a  short  distance  below  the  railway  bridge  at  Logan 
on  October  27,  1904,  and  found  the  cross-section  area  to  be  about 
13,500  square  feet,  the  mean  velocity  11.05  feet,  the  maximum  dis- 
charge 149,396  cubic  feet  per  second,  and  the  maximum  stage  above 
low  water  31.3  feet. 

Mr.  D.  P.  Richards,  a  physician  at  Union  City,  Okla.,  states  that 
on  October  2,  about  11.^0  a.  m.,  \JafcT^  \^a^  ^  ^xsMkcl  x\sft  of  about 


MDRPHY  ANDl 
<yrUER8.      J 


CANADIAN   RIVER    BASIN    FLOOD. 


125 


4  feet  in  the  Canadian.  This  was  followed  by  a  continued  rapid  rise 
until  about  12.30  p.  m.  October  3,  when  the  river  reached  its  maxi- 
mum stage.  It  remained  nearly  stationary  for  about  nine  hours 
and  then  began  to  subside.  At  1  o'clock  on  the  4th  it  was  again 
within  its  banks. 

The  following  table  gives  the  gage  height  on  Canadian  River  at 
Calvin,  Ind.  T.,  Cimarron  River  at  Waynoka,  Okla.,  and  Beaver 
Creek  at  Beaver,  Okla.,  during  the  flood  period : 

Oage  height,  in  feet,  in  Canadian  River  basin,  September  29  to  October  8,  1904, 


Date. 


September  29. 
September  30. 

October  1 

October2 

Octobers 

October  4 

Octobers 

October6 

October? 

Octobers 


Cimarron 
River  at 

Beaver 

Creek  at 

Beaver, 

Okla. 

1 

0.30 

4.50 

.30 

2.50 

.70 

2 

2.60 

2 

3.15 

2 

2 

4.50 

1.70 

3 

1.30 

1.50 

1.15 

2 

There  are  no  available  records  of  the  flood  of  1885,  but  old  settlers 
say  it  was  greater  than  any  for  many  years  prior  to  that  date.  An 
estimate  of  the  discharge  of  the  Canadian  at  Logan  during  it  has  been 
made  by  Mr.  F.  Dobson.  From  cross  sections  and  slope  of  bed  of 
stream,  using  Kutter's  formula,  the  maximum  discharge  is  placed  at 
70,000  cubic  feet  per  second  for  about  one  hour.  The  estimated 
maximum  discharge  October  2,  1004,  was  140,555  second-feet,  or 
about  double  that  of  the  flood  of  1885. 

FLOOD   ON    I'TE   CREEK. 

The  gage  height  at  the  gaging  station  on  Ute  Creek  during  the 
flood  is  given  in  the  following  tiible: 

Gage  height,  itt  feet,  on  I'tc  Creek,  September  26  to  Oet(tber  3,  JOO.'f. 

September  26 0.20 

September   27 .20 

September   28 3.50 

September   29 5.00 

September  30 3.00 

October  1 2.50 

October  2 2.20 

October  3 2. 00 


tf 
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AlthcHigh  the  watershed  uf  this  ci<?ek  is  part  of  tht»  tlniimi^'  lja.^ai 
of  Oinftdiiin  Kiver,  and  is  only  a  short  distatir«*  frurn  it,  the  f*x)d<* 
it  was  small^  the  rise  being  lem  than  5  feet  alKiv'e  low  w»t«r,  whil* 
till?  risi^  a(  Ijopiri  oil  the  (^madian  wa^  mon*  than  30  feol,  Xeitb^r 
Xarth  Fork  4>f  Canadiiui  River  nor  Wasliito  River,  which  iloi»* 
pa  ml  lei  to  the*  CaimiHati  at  Union  and  not  a  grreat  di^aiim^  fnm  it. 
ghowofl  any  nig^in  of  flood.  The  locsil  character  of  the  f^onn  i* 
yident. 


rUXlU  ON    tiAt'ELUl   lUVEK. 


The  ^agi'  at  the  jo:a|Tin||f  station  on  SapeHo  Itiver,  near  Tx>s  ^VJafiUM, 
was  washed  out  hy  the  fliK>d,  nud  tin*  Imiik  to  vviiieh  it  wns  attacb^  J 
wa*^  eroded  to  a  distance  of  40  fwt  Imck  from  the  river.  The  river  *t 
this  placid  ros**  above  the  to|)  of  the  posts  tsiipportin^  the  ealile  froai 
which  the  disc4inr|^^  measurements  wen>  nuide. 

The  river  In^^aii  \ii  rist*  early  in  the  evening  of  Septemtwr  29  and 
hy  midnight  had  reached  the  maximum  slap*.  By  '2  a.  ni.  on  Septem- 
Ijer  t\0  it  had  receded  ahont  2  feet*  This  stage  was  maintaimHl  f<)T 
about  forty-eight  lioui-s,  when  it  gnulually  deeliraHi  nntil  Octolx^r  T* 
at  w^hich  time  the  <)isrharge  was  atwiut  150  stH'ond-fe*^t.  Heavy  raia^ 
on  OctoU'r  W -again  raia^d  the  river  ii  feet,  a  height  which  wan  niaia- 
taine<]  for  a  lion  t  twenty-fonr  honrs,  Fix)m  that  time  it  decrea^swi 
and  on  October  lii  the  dist^hargt^  was  found  by  meastirenient  to  Jm* 
186  second -ft*et.  The  ordinary  high-w^ater  width  of  the  channel  at 
the  station  is  115  feet,  but  the  width  at  the  highest  stage  was  about  490 
feet. 

The  maximum  discharge  at  the  gaging  station  was  computed  bv 
Mr.  Monk  from  Kutter's  formula.  The  slope  of  the  stream  being 
0.0004  foot  per  foot,  the  area  8,098  square  feet,  and  the  wetted  i>eriin- 
eter  501  feet,  and  the  coefficient  of  roughness  being  put  at  0.040,  the 
maximum  rate  of  discharge  was  found  to  be  8,104  second-feet,  and 
the  total  discharge  fi*om  September  21)  to  Octolx'r  10,  inclusive,  was 
found  to  be  67,870  acre-feet.  As  the  drainage  area  above  the  gaging 
station  is  221  square  miles,  this  would  mean  a  depth  of  about  5.71 
inches  over  the  entire  area,  and  a  run-off'  for  the  period  from  Septem- 
l)er  20  to  October  10,  inclusive,  of  12.81  second-feet  per  square  mile. 

Several  small  irrigating  dams  about  7  miles  above  Ix)s  Alamos 
w^ere  washed  out  by  the  flood,  but  the  volume  of  water  liberated  by 
their  failure  was  not  sufficiently  large  to  produce  any  marked  in- 
crease in  the  flood  wave.  Very  little  damage  occurred  in  the  imme- 
diate vicinity  of  Los  Alamos,  as  the  buildings  and  fields  are  higli 
above  the  river  and  all  crops  were  stacked  above  the  high-water  line. 

Manuelitas  River,  w  hich  adjoins  the  Sapello  at  the  town  of  Sapello, 
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was  out  of  its  banks  from  8  p.  m.  on  September  29  until  noon  of  the 
following  day.  The  town  of  Sociada,  on  the  headwaters  of  this 
stream,  was  completely  isolated  for  several  days  by  the  destruction  of 
the  road  and  telegraph  wires. 

FIXK)D   ON    Rio    MORA. 

The  gage  at  the  highway  bridge  over  Mora  River  at  Weber  was 
swept  away  by  the  flood,  also  the  bridge  itself,  the  observer's  house, 
the  post-office,  and  the  store  located  near  by.  On  September  29  the 
river  Ix^gan  to  rise  early  in  the  evening,  reaching  its  maximum  height 
of  12  feet  about  10  p.  m.  By  7  a.  m.  on  September  30  the  water  had 
fallen  (>  feet.  It  then  gradually  dropped  for  five  days  to  a  stage  such 
that  the  dischargi^  was  200  seccmd-feet.  It  was  3  feet  higher  on 
Octol^er  7  and  8  for  about  thirty  hours,  and  then  gradually  declined 
until  Octob(»r  12,  when  a  gaging  gave  a  discharge  of  196  second-feet. 
An  estimate  of  the  maximum  discharge  at  this  place  was  made  by 
Mr.  Monk,  using  Kutter's  formula,  and  found  to  be  27,724  second- 
feet.  The  discharge  for  a  stage  (>  feet  lower  than  the  maximum  was 
about  7,335  second-feet,  and  a  stage  3  feet  Iwlow  the  maximum  gave 
a  discharge  of  18,927  second-fei»t.  With  these  measurements  of 
discharge  and  the  fluctuations  in  stage,  the  total  discharge  from  Sep- 
tember 29  to  ()ctol:)er  10,  inclusive,  was  found  to  be  173,249  acre-feet, 
the  drainage  area  above  the  point  of  measurement  being  422  square 
miles.  This  total  volume  corresponds  to  a  depth  of  7.69  inches  over 
the  drainage  area  and  a  run-off  for  the  flood  period  of  17.25  second- 
feet  per  square  mile.  The  damage  done  by  the  flood  in  the  vicinity 
of  Weber  w  as  estimated  to  be  about  $5,000. 

Rio  Cebolla  and  numerous  small  arroyos  contributed  a  considerable 
amount  of  water  to  the  river  l>elow  Weber,  the  (Vbolla  alone  dis- 
charging at  maxinnun  stage  at  the  rate  of  about  VAX)  cubic  feet  per 
second.  Perhaps  the  worst  devastation  occurred  at  Watrous,  the 
junction  of  Sapello  and  Mora  rivers.  Miles  of  the  Santa  Fe  Railway 
tracks  were  washed  out ;  houses,  croj)s,  fences,  and  bridges  were  swept 
away,  and  eight  lives  were  lost  in  tli(»  town. 

Excessive  damage  was  caused  by  the  flood  in  the  entire  Mora 
Valley.  Commencing  at  th(»  town  of  Mora,  in  the  upp(»r  end  of  the 
valley,  where  the  streets  were  submerged  from  4  to  10  feet  deep,  about 
«30  houses  were  washed  out  and  nearly  ;U)0  people  rendc^-ed  homeless. 
It  is  estimated  that  about  half  the  crop  in  this  vicinity  was  lost. 

At  La  Cueva,  5  miles  below  Mora,  th(»  river  was  above  the  wagon 
bridge  on  SeptemlH»r  27,  and  continued  to  rise  until  midnight  of 
September  29,  the  maximum  stage  lasting  about  twelve  hours.  It 
remained  out  of  its  banks  until  Octol)er  5,  when  a  decrease  was  appar- 


128  DEISTBITCTIVK    FLOODS    IN    UNITED   STATES    TN    Um.      [mu: 

ent  until  Octnlwpr  5K  wliPii  the  rains  ciiuscd  it  to  risi'  S  f^U  Tii*' 
cliMiiiK'l  (luring  iiorjtial  flow  is  ahoMt  *V2  feoi  witUs  but  the  dibtaiHv 
between  tht^  wiiter  lint'S  dnring  the  fltxvd  was  alnnit  (jW  feet,  A  mea^^ 
urement  of  tin*  iHs^^liarge  wiis  made  at  thin  }*hire  by  Mr.  Monk*  using 
Kutter's  fnnuuhi,  and  found  tu  Iw  ±2,^2 13  second*feet.  The  total  dis- 
charge  from  SejUeinljer  2f*  to  October  10,  incbjs^ive,  wa.s  161,84!^  acre- 
feeL  The  drainage  area  \nmg  IM)  ^iiuare  mile*^,  this  volume  m^^^ 
sponds  to  ji  depth  of  ^K'MKi  inches  over  the  whole  dniinage  hasin.  Tije 
estiniHted  run-off  tier  square  mile  for  the  flood  period  of  twelve  ihy^ 
was  ^0*H5  second -feet* 

A  large  iunount  of  dannige  was  done  in  this  vicinity,  evSpeciaUv  Ui\ 
crops  and  orchards  tK^longing  to  the  La  Cueva  Land  atid  Cuttle 
Company*  About  500  yards  al>ov"e  La  Cuevji  the  irrigating  diteb, 
together  with  the  countrj^  road  to  Mora,  were  washed  out  W  a 
distance  of  20  yards. 

Turquillo  Valley,  a  very  productive  ?^ection  8  miles  north  of  the 
town  of  Mora,  suffered  givatly  from  the  flood  resulting  fi^m  a  four 
days'  downpour.  The  l;^ate^s  fi'om  Canyon  Carro  and  other  miuoT 
arroyos  originating  in  the  adjacent  hills  ,swept  through  it,  dc^t roving 
the  crops.  In  places  the  stream  was  over  lialf  ti  mile  wide,  and  at  me 
point  near  the  upi^r  end  a  lake  of  about  500  acres  was  formed,  whi^*]! 
will  remain  for  some  time,  as  it  has  no  outlet. 

ORSTRUCTION    OF   ^JTREAMH. 

The  flood  height  at  certain  points  was  increased  by  stmctures 
across  the  streams.  At  French  the  Hanta  Fe  Railw'ay  runs  along  the 
right  bank  of  the  river  oii  a  roadlwd  12  ftn^t  above  tlic  river,  while 
the  El  Paso  and  Northeastern  Railway  crt^sses  it  with  approaches 
tliat  revStrict  the  stream  to  half  its  natural  width.  Tlieae  ob»(iacUoiK^ 
acting  as  a  dam,  backed  the  water  over  the  Santa  F'e  tracks  and 
depot,  forming  a  lake  one-fourth  of  a  mile  wide.  At  Springer  the 
Santa  Fe  Railway  crosses  the  Canadian  on  a  bridge  170  feet  wide 
between  abutments  and  17  feet  above  low  water,  the  remainder  of  the 
channel  being  filled  wnth  the  bridge  approaches.  Three  miles  below 
AVatrous  the  Santa  Fe  Railway  crosses  Rio  Mora  at  an  angle,  with 
long,  high,  filled  approaches,  the  low-water  channel  only  being 
bridged.  At  these  three  places  the  embankment  caused  backwater 
and  finally  gave  way,  after  which  the  flood  rapidly  subsided. 

DAMAGE    DONE   BY    FLOOD. 

It  is  impossible  to  give  an  accurate  estimate  of  the  damage  done 
by  this  flood,  and  only  a  few  of  the  larger  losses  will  be  mentioned 
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Four  miles  of  track  and  three  bridges  we^e  destroyed  on  the  Santa 
Fe  Railway  between  Watrous  and  Shoemaker ;  the  Rock  Island  Rail- 
way bridge  at  Logan,  costing  $60,000,  was  destroyed ;  the  loss  on  the 
El  Paso  and  Northeastern  Railway  from  Taylor  to  French  is  esti- 
mated to  have  been  $50,000;  the  loss  of  orchards,  irrigation  ditches, 
and  40  adobe  houses  at  Sanchez,  $50,000;  in  Mora  River  Canyon, 
l>etween  Watrous  and  Shoemaker,  seven  persons  lost  their  lives,  many 
liouses  were  wrecked,  and  farms  along  the  river  damaged ;  the  Rock 
island  Railway  bridge  at  Lawtori,  consisting  of  two  steel  spans  and 
€^wo  60-foot  steel-girder  approaches,  was  destroyed,  one  span  being 
carried  downstream  3  miles,  another  1  mile,  and  one  of  the  steel 
^rders,  weighing  40  tons,  IJ  miles;  more  than  a  mile  of  track  was 
lifted  and  swept  away;  700  feet  of  trestle  approach  to  the  Frisco 
!Kailroad  bridge  was  completely  destroyed ;  and  similar  damage  was 
clone  at  other  places  along  the  stream  in  Oklahoma. 

The  following  information  regarding  the  damage  to  railroads  has 
been  collected  from  railway  officials  of  the  various  roads  by  Mr. 
Gerard  H.  Matthes,  district  engineer : 

The  Fort  Worth  and  Denver  Railroad  lost  about  600  feet  of  pile 
and  trestle  bridge  across  the  Canadian  near  Tascosa,  Tex.,  and  had 
about  1,600  feet  more  damaged.  Traffic  was  delayed  four  days.  The 
approximate  damage  is  estimated  at  $10,000. 

The  Atchison,  Topeka  and  Santa  Fe  Railway  sustained  consider- 
able damage  at  Purcell,  Ind.  T.,  where  it  has  a  roundhouse  and  exten- 
sive yards.  The  water  during  the  flood  stood  from  2.5  to  8  feet 
deep  in  the  yard  and  in  front  of  the  passenger  depot  and  left  a 
deposit  of  sand  in  some  places  1  foot  deep.  Spur  tracks  were  washed 
off  the  embankment  and  side  tracks  were  badly  washed  out  in  places. 
Kear  Walker,  Ind.  T.,  6  miles  north  of  Purcell,  about  3,000  feet  of 
embankment,  including  l)oth  main  and  passing  tracks,  were  demol- 
ished. The  steel  bridge  over  Canadian  River  near  AValker  was  not 
damaged,  but  885  feet  of  approach  was  washed  out.  Two  miles 
farther  south  about  1,000  feet  of  embankment  and  a  bridge  went  out. 
The  main  line  was  closed  to  traflSc  from  6  p.  m.  October  8  to  G  p.  m. 
October  10. 

The  Missouri,  Kansas  and  Texas  Railway  escaped  with  relatively 
little  damage.  At  the  crossing  between  Eufaula  and  Canadian, 
Ind.  T.,  one  bridge  pier  slipped  on  its  base  about  8  or  4  inches;  the 
repairs  cost  $750.  At  the  new^  bridge  over  the  washed-out  (•hannel  of 
1898  alx)Ut  150  feet  of  embankment  south  of  the  bridge  was  washed 
out  and  the  south  pier  w^as  undermined.  On  the  re(;ently  completed 
line  from  Atoka  to  Oklahoma  City  no  dairuig(»  was  done  to  the  bridge 
at  Tyrola,  Ind.  T.,  but  the  south  approach  was  washed  away  and  the 
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station  grounds  (u^vennl  with  saniL    A  large  jmit  of  th*^  Hue  in  iW 
river  valley  was  torn  up* 

The  St  hmm  nml  San  Francism  Railroad  lost  :2,740  feet  of  & 
total  of  S,1;KJ  feet  of  the  bridge  on  the  BhickwelK  Enid  and  Soutli 
■Ireetern  branch  neHr  Gohlcii,  Okla*  The  cost  of  repairs  was  $20XHJ^l 
and  the  traffic  was  suspended  from  October  2  to  25.  On  the  liiti' 
between  Chickanha  and  Oklahoma  City  490  feet  of  ti\*stle  aj^proach 
was  destroyed,  the  steel  ^pan  remaining  intact.  The  er^t  of  repiars 
is  estimated  at  $4j  W).  The  traffic  was  suspended  from  October  3  to 
il5.  At  the  Canadian  River  Bridge  near  Francis,  Ind*  T.,  about  U^) 
;feet  of  bridge  was  destroyed,  costing  in  repairs  $1,475,  the  traffic 
being  interrnpted  from  October  4  to  0, 

Considerable  damagi'  was  done  to  bridges  on  the  Rock  Lsbud  ^y- 
tern,  which  crassest  Canadian  River  at  four  diffei^ent  j>oirkts.  Tlic 
steel  bridge  t^outh  of  Union  City,  Okla,,  t^nsisting  of  one  steel  thrnnidi 
span  and  two  girder  spans,  was  completely  carried  away,  the  thrCHigli 
truss  being  washed  downstream  several  miles. 

PECO«   BIT15R  BAQIK  FIiOOD,  KKW  MEXICO.^ 

During  the  latter  part  of  September  and  the  first  part  of  (^)ctob€"n 
1904,  there  occurred  upon  the  drainage  basin  of  Pecos  River  the 
heaviest  and  most  destructive  flood  in  its  recorded  history. 

aTREAMB  AND  ORAINAOE  BA61N, 

Pecos  River  rises  in  the  northern  part  of  New  Mexico,  flows  in  t 
southeasterly  and  southerly  din*ction  for  about  300  miles  thnmgh 
New  Mexico,  thence  for  a  Ik  jut  '250  miles  southeasterly  through  Texn?-^ 
and  empties  into  the  Rio  Gnmde  near  Langtry,  Tex.  The  principal 
tritnitaries,  all  of  which  enter  from  the  wei^t,  ai^  Rio  Penitsco,  having  j 
a  lengt.h  of  alx>iit  80  mih^s  and  a  drainage  area  of  750  square?  miles; 
Rio  Felix,  having  a  length  of  60  miles  and  a  drainage  area  of  800 
square  miles;  Rio  Hondo,  having  a  length  of  90  miles  and  a  drainai;^ 
»n*a  of  1,900  squaiT  miles;  Salt  Creek,  having  a  length  of  80  milw 
and  a  drainagi*  an*a  of  ^,550  squaiM?  miles;  Pintado  Creek,  having  a 
length  of  70  miles  and  a  drainage  area  of  1,000  square  miles;  and  Rio 
Gallitms,  having  a  length  of  50  miles  and  a  drainage  area  of  &^j 
square  miles.  These  tributaries  and  the  location  of  the  gaging  and 
precipitation  stations  are  shown  in  PL  X.  The  slope  of  the  river 
is  shown  in  the  following  table : 

«  Based  on  data  obtained  by  personal  observation  during  the  flood  and  after  it  bad 
subsided,  by  W.  M.  Reed,  engineer,  F.  S.  Dobson,  engineering  aid,  and  Geo.  B.  Monk, 
assistant  hydrographer ;  prepared  mainly  from  report  by  F.  S.  Dobson. 
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LooaUty. 


Distance    I     Hei«rbt 

from  month  I  above  aea 

in  miles.         in  feet. 


Fall  per 

mile  in 

feet. 


bh 

B 

^rman 

sing,  Pecos  River  Railroad 

:nde35" 

[>>lomas 

nnta 

m  Chico 

iuesta 

Mignel 

I 


1,000 
2,550 
3,107 
8,400 
8.500 
4,600 
4,850 
4,050 
5,100 
5,250 
5,800 
6,000 
6,500 
7,000 
8,000 
12,000 


7.2 

6.6 

8.9 

8.8 

8.8 

18.9 

12.5 

18.6 

15.0 

27.5 

20.0 

88.8 

88.3 

50.0 

666.7 


annett.  Henry,  Profiles  of  rivers :  Water-Sup.  and  Irr.  Paper  No.  44,  V.  8.  Oeol.  Sur- 
l»01,  p.  37. 

bont  20,000  square  miles  of  the  drainage  basin  of  this  stream 
I  New  Mexico,  the  givater  ])<)rti()n  iKMiig  rolling  sand  hills,  easily 
ivated,  and  very  ])roductive  when  irrigated.  Along  the  eastern, 
erii,  and  northern  edges  of  the  basin  ai'e  mountains,  having 
is  covered  with  snow  all  the  year  round.  Above  Santa  Rosa 
lx»low  Roswell  the  valley  is  well  develo]>ed,  l)ut  lH»tween  these 
\s  it  is  spai-sely  s(»ttled.  South  of  Roswell  there  is  an  area  of 
it  :3r)0,0()()  acixvs  that  will  probably  1k»  eventually  irrigated  from 
sian  wells. 

he  Pecos,  as  can  Ix?  si»en  from  the  ])rofile  alK)ve,  has  a  very  steep 
»e;  its  tributary  streams  also  have  steep  slopes;  consequently, 
flow  of  all  is  very  rapid  and  destructive  during  time  of  flood. 

PRECIPITATION. 

he  precipitation  for  Septeml)er  and  Octol)er,  1904,  measured  by 
United  States  Weather  Bureau  at  six  places  in  this  drainage 
n,  was  as  follows : 
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Plaoti. 


Arabela  

Carlsbad . . . 

Cloudcroft 
Fort  Stanton 
Las  Vegafi  _  _  _ 
Boewell 


eD|rtb 


2 

I 

» 

17 

11 


Beptsmbe'r. 


cipitattDi] . 


9.95 
4.5S 

e.  le 

0,U7 
5.10 


£ic 


Ineflei, 

fi.45 


DetotMr 


Total  pr^  I     c 


1.7)  I 

4.  a:  I 
2.m  I 

2.67  i 


E  The  precipitatian  during  September  vnried  from  iihottt  4**^  iiicli*^ 
Wo  10  i  IK  lies,  which  was  3  ur  more  inches  givatvr  thuu  (lie  normal 
rainfall  for  this  month.  The  precipitation  for  Oetolser  wjis  li?ss  tlurt 
that  for  Septemher,  hut  was  somewhat  above  the  iiorttinl  for  Otlohet. 
The  following  t»hk'  gives  the  daily  piveipitutiori  fur  the  |ierioii^ 
Septeml>er  i^(>  to  30  and  October  r>  to  8,  J004,  ainl,  (a ken  in  coiiniTtioD 
with  the  previous  table,  shows  that  more  than  Inilf  tJu*  S**f)temlK*r 
and  October  prt^cipitation  fell  during  thesse  iKHiods*  liie  piTeiprta* 
tion  for  twentv-four  eonsecntive  hunrs  during  these  storms  at  fire  o^ 
these  placets  was,  as  seen  from  the  table,  2.7  inche*^  or  mon^ 

As  a  result  of  these  two  periods  of  excessive  precipitation,  tlim- 
was  one  large  flmid  on  this  sti"eam  and  a  second  sunicwhut  smull*'r 
riood  iui  sonic  parts  of  it. 

ftailp  itrrcitiifatitiii  in  ihv  /Vro*  Rirvr  ffniinufff  bantu  ^rptrmhrr  Z(i  ft*  An  nn^ 


Btatlon. 

Prwiplttt* 

«J, 

;r7, 

m 

To»l 

Aral>ela      

a.  TO 

T. 

o.oe 

1 

0.r»l   '      2.70 

1.^ 

sj: 

Carlsbad  . 

2.  (10 

..    ■          JI5 

.95 

Clondrroft-  .,,...* 

3.80 

0,  !0 

2.80 

1.40            ,90 

...„.-. 

5,^1 

Fort  Stanton     

2,  m 

T.  \. 

1.00         2JK> 

2,86 

ti.m 

Las  Vegas         

2.H7 

.05 

.10 

.26         2.87 

1.77 

-kO^ 

Roswell  .  - - 

1.80 

.42           .75 

1 

i.i: 
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iailp  fn-ecipitation  in  the  Pecfm  River  drainage  hanin,  etc. — Continued. 


StAtion. 

Precipita- 
tion &  24 
oonaecntiTe 
hours. 

October— 

6. 

6. 

7. 

8. 

Total. 

)la 

2.50 

.88 

2.08 

1.80 

.76 

.80 

1.18 

.09 

1.00 

1.80 

.76 

.80 

2.50 

.81 

2.08 

1.08 

.60 

8.68 

l>ad 

0.20 
T. 
T. 

0.17 
.20 

.04 
T. 

.57 

icrof t 

8.48 

i>tanton 

2.88 

'^efiras       . 

.80 

ell     

1.40 

FLOOD  ON   THE  PECOS. 

oods  are  not  uncommon  on  the  Pecos.  They  usually  result  from 
ing  of  snow,  but  occasionally,  as  in  the  present  case,  from 
y  rains.  There  are  five  gaging  stations  on  the  main  portion  of 
.stream  and  some  on  its  tributaries.  The  stations  on  the  main 
m  are  at  Santa  Rosa,  Roswell,  and  Carlsbad,  in  New  Mexico, 
Pecos  and  Moorehead,  in  Texas.  From  the  gage-height  records 
ined  at  these  stations,  the  magnitude,  duration,  and  to  some 
it  the  progress  of  the  flood  down  the  river  can  be  seen.  *  Unfor- 
tely,  however,  the  flood  destroyed  some  of  the  gages,  and  also 
ged  the  channel  of  the  river  to  such  an  extent  at  some  of  them 
the  records  are  partly  wanting  or  very  poor. 

daily  gage  height  at  gaging  fttatiotis  along  Pecos  River,  September  27  to 
October  27.  1901,. 


Date. 

Santa  Rosa, 
N.  Mex. 

1.40 

4.00 

13.00 

«28.00 

«6.00 

a  8. 00 

«8.00 

«2.00 

•a  2. 00 

a2.00 

2.00 

2.00 

2.00 

2.00 

RoeweU, 
N.  Mex. 

8.50 

3.65 

5.50 

16.45 

16.45 

15.0 

Carlsbad, 
N.Mex. 

Pecos,  Tex. 

Moorehead, 
Tex. 

mber  27 

mber  28 

mber  29      

mber  30 

0.88 

8.45 

15.00 

«rl 

.er2 

8.50 
7.00 
9.00 
19.00 
17.00 
15.50 
13.00 
13.00 
11.00 

•erS 

«r4 

«r5 

4.0 
8.9 
8.7 

ler  6 

ter7 

1.60 

er8 

2.10 

er9 

6.45 
4.45 

2.90 

erlO 

8.80 

!  washed  away. 


*  Gage  washed  out« 
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Mi  fin  ttitittf  u^igr  hrighi  ut  fioging  ^ttiiifniA  (ifoi]||  Pecom  Bip^r,  iUUi 


Oct(]ber  11 

OcWbar  18, ,  - , - 
October  U.-~. 
(letolier  15.  ,,.^ 
October  la,-.^ 

OctolwlT 

October  18 

October  10 

October  SO 

October  31 , 

October  32. 

October  2a__. 
October  24_,.. 
October 35__, 
October  36..... 
October^ 


N  l£«x 


3.0 


N.Mhx. 


5.00 
4.49 


N  )f«x 


IV!«(i«,Te«. 


Tia 


7,60 
5.9CI 


I 


10.  m  I 

14.00 

ia.oo 
aw 

8.10 
7.00 


3.tt 
4tt 

4iO 


Measur<>meiits  af  flood  croBs  si?etionR  and  slope  of  l>ed  were  matle  At 
places  aloii^  the  P&cos  and  some  of  iti^  tributaries,  and  the  iiiaximuin 
discharp'  i-ompiitcd  Uv  Mn  F-  S.  Dolison  by  Kiitter's  fornmla.  The 
f ( >  11  o w i n g  n\\ i-y  n  1'  ihws  we n^  i >bt a i n etl :  1  *ef<is  li i \  t* r  at  Fort  8 1 n ii iie r 
45,150  secnnd-fei^L  ut  riunith  of  Halt  Creek  45,B50  second -feet,  and  at 
lloi^wtdl  pitjfin^  stiiiitm  Tk^jIDO  s<vond'fft*t:  Salt  Creek  alxJVe  mouth 
]'i,4(MJ  st^i'utKl-fin't :  and  Htnido  Hiver  at  g^igiiig  station  near  I'eservoir 
Gv^SO  i^coridftH^t.  Mr,  W  L,  Sullivan,  chief  engineer  of  the  Peti^ 
IrripititMj  (\>iij[mn\\  I'stimatod  i\w  How  of  tlie  Pt^os  at  Lake  Miu- 
niillan  reservoir  ut  the  tinit^  ihe  water  lR*^an  to  pass  over  the  rw-ii 
spillway  at.  82*0(X)  nihic  ftH?t  j>er  H^ruiid. 

The  flcjod  at  Saiihi  Rosa  ext tended  from  September  28  to  October  3, 
reaching  a  nuixinjuiu  on  Septendwr  SO,  with  a  gage  height  of  about  ^3 
feet^that  is,  alxmt  2"2  feet  alx)vc  low  water*  The  e^stimated  niaxi- 
imnii  diselmrg^i  is  4t>,4i>S  stn-i^nd-fcft.  There  is  little,  if  any,  iudica^ 
tic>n  at  tins  plaee  of  the  s<MM>nd  HimkI  plainly  stMm  in  the  i^ecords  lower 
down  the  river. 

Mr.  W.  (t.  Russell  measured  a  cross  section  and  the  slope  of  the  bed 
of  the  Pecos  at  Santa  Rosa,  October  20,  1904,  and  found  the  cross- 
section  area  to  hi}.  4,978  s(|uare  feet,  the  velocity  by  Kutter's  formula 
about  9.35  feet,  and  the  maximum  discharge  4(>,498  second-feet.  The 
maximum  stage  above  low  water  was  about  23.4  feet. 
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J.     DAM   ON    PECOS  RIVER  AT  CARLSBAD.   N.   MEX..   BEFORE  THE  FLOOD  OF 
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At  Roswell  the  flood  began  on  September  29  and  continued  until 
October  4,  attaining  a' maximum  on  October  1,  with  a  gage  height  of 
I  More  than  17  feet  and  a  discharge  of  about  55,690  second-feet.  The 
surface  fluctuations  during  this  flood  of  Hondo  River,  which  enters 
the  Pecos  near  Roswell,  are  shown  on  page  139.  The  stage  of  the 
Hondo  was  a  maximimi  at  the  gaging  station  at  Hondo  reservoir  on 
October  5  at  5  p.  m. 

The  flood  at  Carlsbad,  as  shown  by  the  gage  heights  at  Lake  Mac- 
rnillan,  was  at  its  maximum  height  9.40  a.  m.  on  October  2.  (Spe 
t^ls.  XI,  XII.)  At  Pecos  the  first  flood  reached  a  maximum  stage 
on  October  5  and  the  second  on  October  12.  At  Moorehead  the  maxi- 
mum stage  was  not  attained  until  October  23. 

At  Lake  Macmillan,  near  Carlsbad,  the  following  fluctuations 
CDf  the  Pecos  during  the  flood  were  reported  by  Mr.  V.  L.  Sullivan : 

Cjfflf/e  height  at  Lake  MacmiUan,  near  Carlsbad,  \,  Mex.,  September  29  to  October 

2,  1904 


Date. 


Time. 


Height  in 
feet. 


^ptember  29... 
September  29.. 
September  29.. 
September  80.- 
September  30 . . . 
^September  30-- 

October  1 

October  1 


6  a.  m. 
12  m  . 
6p.  m . 
6  a.  m. 
12m  .. 
6p.m. 
6  a.  m. 
12m  -. 


October  1 . ,  6  p.  m 


October  2--. 
October  2... 
October  2... 
October  2-.. 
October2  .. 
October2-._ 


1.30  a.  m  . 
6.45  a.  m  . 
7.80  a.  m 
8.40  a.  m  . 
9.40  a.  m  . 
12.45  p.  m  . 


18.8 
18.8 
18.8 
19.0 
19.8 
19.3 
21.1 
21.5 
22.0 
28.0 
27.0 
27.2 
27.5 
27.9 
27.7 


On  October  3  Pocos  River  reached  a  stage  of  7  feet  at  the  United 
States  Geological  Survey  gage  near  Pecos,  and  was  slightly  rising." 
At  10  a.  m.  on  October  4  the  stage  was  increasing  at  the  rate  of 
about  1  foot  per  hour.  At  this  time  four  breaks  occurred  in  the 
Barstow  Irrigation  Company's  levees,  designed  to  protect  the  west 
valley  lands  from  flood,  at  points  about  3^  miles  above  the  flume 
that  carries  the  canal  over  Pecos  River.  Other  breaks  occurred 
later  in  the  day,  and  on  the  morning  of  OctolxT  5  the  water  had  a 


«  From  report  of  Mr.  WlUard  H.  Denis,  Barstow,  Tex. 
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width  nf  from  one- half  mile  to  2  A  mile??  on  each  si(k^  of  I  he  rirer  and 
extended  nearly  to  the  foothills  on  each  side  of  the  valley,  with  a  depth 
of  from  2  to  4  feeL  It  had  a  redd inti -gray  jipptntrniifX'  imd  a  compam 
lively  sluggit^h  How.  Foiiuiuitely  warnings  had  l>een  given  in 
ample  tiiiu'  to  permit  the  I'ejnoval  of  sstock  to  placas  of  safety.  Tbt 
river  continuLHl  t<j  rise,  and  at  H  a.  m.  on  October  6  rt'iiclietl  a  sia^ 
of  11)  ftM>t  on  the  gago  near  Pivoa  The  water  was  a!>ove  th**  hi-^' 
of  the  flume  (s*.^  PL  XI M),  hi  id  it.s  upward  pre.s.sure,  logetJier  With 
the  downstream  preasui'e  of  the  wat^r  and  the  drift  whicli  eollectwl 
against  the  fliune.  eaused  it  to  tear  loo^  at  the  end;^*  break  in  two 
pieces,  and  float  diiwnstieam.  One  of  tlie^se  partes,  about  1,>0  Uvi 
long,  was  afterwards  foimd  about  !{  miles  downijstreaiii;  tha  other 
part,  also  alKKit  150  feet  long,  floated  about  (^  mUcs  daw n^st ream  to 
the  railway  hridgo,  wliei'e  it  waw  again  broken  in  two  and  paj^sed  mt 
down  the  iitiM?am. 

On  Oetiilx^r  15  the  i^^tage  at  the  gage  was  again  9  f tH?t ;  thu^  tins 
fltXKl,  which  HWept  through  Itoswell,  N,  Mex,,  in  alanit  thive  Juy% 
spread  itself  <jut  to  i^uch  an  extent  tis  to  n^quire  about  ten  days  to  paai 
Pecoas,  On  Oetola*r  1S>,  alx*ut  two  ivix^k.s  aft*^r  the  l»eginiiing  of  tin' 
fltHid,  most  of  the  overflow  wat^r  had  found  its  way  back  into  tlie 
river  and  passc^d  downsln^am* 

The  wat<*r  left  a  dejjOHit  of  re<ldish  clay  an<l  fine  sjind  where  it 
was  sluggish  and  roar^e  saml  where  it  was  swift,  uf  a  depth  gt*Ji 
eially  of  from  0,2  to  0*4  foot,  but  ill  some  places  of  from  1  to  2  feet* 
In  the  west  valley  about  two- thin  Is  of  the  idfsdfa  was  covered  s^i 
deeply  with  silt  or  was  submerged  si>  king  that  it  died.  Some  eot- 
ttuu  not  jrlL  in  })la(^c*s  was  so  deeply  covered  with  sand  as  to  \w  a 
complete  loss.  In  all,  10  pt'r  rent  of  the  cotton  was  saved,  allboii^h 
the  lands  are  generally  lower  than  on  the  eastern  side.  Out  of  a 
total  of  1)00  acres,  about  TOO  were  flooded. 

On  the  east- valley  side  about  a  thousand  acres  of  cultivated  land 
was  heavily,  and  as  much  more  lightly,  flooded.  That  in  sorghum 
was  badly  injured,  and  from  25  to  50  per  cent  of  the  heavily  flooded 
cotton  was  lost :  while  few  plants  were  killed,  except  in  little  sags, 
many  l)olls  were  soaked  until  they  soured. 

At  Riverton  {practically  all  crops,  except  on  one  farm,  were  lost, 
much  sediment  was  left  in  the  first  mile  of  the  main  canal,  the 
headgates  were  washed  out,  and  all  the  laterals  were  destroj'ed. 

Grand  I'alls  escaped  any  material  injury.  The  crest  of  the  flood 
had  become  lower  when  it  reached  there,  and  most  of  the  lands  in 
use  are  on  the  second  bench. 

The  following  table  gives  the  daily  gage  height  obtained  at  the 
United  States  Geological  Survey  station  near  Pecos,  Tex.,  during 
this  flood : 
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Gage  height,  in  feet,  of  Pecos  Hirer  near  Peenn,  Tejr.,  October  2  to  2/.  1904, 

October  2 •_ 3.50 

Octol)er  3 7.00 

October  4 9.00 

October  5 19.00 

October  0 17.00 

Octol>er  7 15.50 

October  8 13.00 

October  9 - 13.00 

October  10 i 11.00 

Octol>er  11 10.50 

Octolier  1^ 14.00 

0<?tober  13 13.00 

October  14 12.00 

October  15 9.00 

Octol)er  10 8.40 

0<*tol)er  17 8.20 

Octol)er  18 S.  10 

Octol>er  19 7.80 

Octol>er  20 7.  30 

Octol>er  21 ~_  7.00 

The  flood  thus  reached  a  maximum  stage  on  October  5,  with  a  gage 
height  of  about  19  feet,  or  a  height  above  low  water  of  about  18  feet. 
The  gage  read  9  fec»t  or  mon>  for  twelve  consecutive  days. 

The  following  table  gives  the  daily  gage  height  and  corresponding 
discharge  at  Moorehead,  Tex.,  near  the  mouth  of  the  river,  during  this 
flood.  The  river  at  this  place  began  to  ris(»  on  October  8,  reaching 
a  maximum  on  OctolxT  23.  At  Santa  Rosa  the  flood  lasted  from 
Septeml)er  28  to  Octoln^r  J^ — that  is,  about  four  days — reaching  a 
maximum  above  low  water  of  alxnit  22  feet.  At  Moorehead,  520 
miles  down  the  stream  from  Santa  Rosa,  it  lasted  from  October  8 
to  beycmd  October  27,  attaining  a  maximum  height  on  October  28  of 
i  to  5  feet  above  low  water. 
7o</c  height  and  dinvhargc  ttf  PrraM  Rircr  at  MoorPhcai1,Tr.r.,()(tohrr  7  to  Jl,  190). 


Date. 


Dctol^er  7. . 
Dctober  8. . 
Dctober  9. . 
Dctober  10. 
Dctober  11. 
Detober  12. 
Dctober  13 . 
Dctober  14. 
October  15. 
October  16. 
October  17. 


HeiKht 
in  feet. 


1.60 

2.10 

2.90 

3.80  ' 

3.30 

3.4.-) 

3.65  . 

3.75  ' 

4. 10  ' 

4.30 

4.45 


DiHcharge   ' 

in  Hefona- 

feet. 

590 
«700 
1,260 
1,740 
1,740 
1,830 
2,050 

^'2.095 
2,  r.30 
3,010 

0  3,340 


Dftte. 

Octol>er  18... 
()c.tol)er  11). .. 
October  20. .. 
Octol)er  21... 
October  22... 
October  2:^. . 
October  24... 
October  25 . . . 
OctolxT  26  . 
October  27... 


HeiKht 
in  feet. 


4.60 
4.  75 

4.  J)0 

5.  00 
5.05 
5.  35 
5. 30 
5. 20 
5. 05 
4.80 


Di8c*bar^ 

in  aecona 

feet. 


I 


3,680 
4,040 
4,410 
4,660 
4,790 
«  5, 577 
5,460 
5,220 
4,880 
4,360 


■  Obtained  with  current  meVe.r. 
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Fl/Jim   ON    UAIXINASI   KIVRR. 

During  tin*  in^iit  of  SoptfrnWr  2iK  while  the  flood  wan  at  it.«?  height, 
four  timber  chimin  on  Gallimis  Hivi*r  iilHive  Lus  Wgus  at  id  Hut  Spmgt 
WiHi*  washed  out,  lilKM'rttiii^  alnrnt  Vt  aciv*fe<'t  of  water*     The  timben 
from  thes<.*  daius  foinied  »t  leniporurv  ilutn  in  front  of  the  tn-^tle  uf 
the  up|jer  bridge  at   Hot  HpringH  and  foiti*d  ant  tlie  I  bridge  »il»cHit 
1  a,  m.  Si*pt*^tidmr  *iO*     Thi^  volume  of  water,  headed  by  tlie  ttmUr 
from  the  dnnx,  Untk  unt  two  mort*  fo<jtl«idgi*s,  the  enti  of  ihe  h\ih 
hinm\  nli  the  nuisotiry  pntteetion  wall  hIm»vi*  the  nmiu  j*[mn  bridgr*^  at 
the  railway  station,  and  50  ftH*t  of  tuaNoni-y  v%'h1I  Ix^Uiw  the  brid^.. 
Between  Hot  Springs  and  Lan  Vegas,  0  miles  down  the  valUn%  thm 
railway  l*ri*lgt*H  wen*  w a. she* J  out  and  the  ruilway  traeks  were  hmhv 
or  less  damaged*     At   Las  Vegas  the  railway  static »t)    for  th*>  Hoi 
SpringH  firanelj,  a  large  frame  wtnietnre  situated  on  the  h'ft  of  tire 
bank,  %vas  eomph^tely  taken  out   liy  the  erti*«ion  of  the  bank*    Ati 
lid  joining  Imilding,  lK*longing  to  the  Mtnuv  Luml>er  C\mi|>am-.  t^^bs 
damaged  to  a  eonnideralJe  extent  and  (■tinsidenil>le  biinlKT  lost* 

The  givater  portion  of  all  the  daunige  at  Hot  Springs  an<]  at  Ui 
Vegiis  was  unilonbledly  due  to  the  ob^tntetion  formed  by  tiie  temp 
ni  ry  w ooil e T J  dam  a ga  i  n s t  t  h e  t  rest  1  e  o f  t  he  h r i  i Igi*  at  H  ot  S  p r i  tig^ 

The  amount  uf  daanige  sustained  by  the  Agna  Puni  Conipjim^ 
whieh  owned  the  timlx^r  dams  that  wert*  dost  my er I,  is  i*stimHt<Hl  to 
have  lieen  frt»m  $:>.0(M)  to  $8,(MK):  thi*  damage  at  Hot  Springs  is  e>li^ 
united  to  have  liecni  about  $10,(MX),  and  to  the  town  of  Las  Vegas  about 

The  foUowing  are  rendings  t>f  the  gage  a1  Hot  Sjirings  h^foiv  it 
was  destroyed  by  llu*  llocni : 

Soptomlif^r  29.  7  a.  at  ^^-^- --  2.*^ 

Sei)tcin?>er  2t».  i)  a.  m 4.** 

Septeml)er  21>,   12  in ^'^^ 

Septeinbor  21>,  5  p.  ni 4.^^ 

September  21),  !)  p.  in 5.^^ 

Sopteniber  21),  11  p.  in.,  tbo  first  rusb  of  water  came  down  the  stream. 
St^ptember  .'io.  12..'io  a.  m.,  temporary  timber  dam  formed  In  front  of  bridgo. 
Septeml>er  IM),  1  a.  m..  tlie  tem]MM-ary  dam  in  front  of  bridge  was  swept  away. 

The  maximum  discharge  of  this  stream  was  computed  from  Kii^' 
ter's  fornuda  by  Mr.  Monk,  using  a  cross  section  of  the  stream  aboi^ 
200  yards  below   the  gaging  station.     The  slope   was   found   to  Ir^ 
0.0041  feet  per  foot,  area  1,584  second-feet,  wetted  perimeter  212  feet^ 
AVith  these  data  and  the  value  of  the  coefficient  of  roughness  r<=:0.05^ 
the  maximum  discharge  was  found  to  be  11,()12  stH'ond-feet.     This 
rate  of  flow  continued  for  about  one  hour.     At  8  a.  m.  on  September 
80  the  river  had  fallen  so  that  its  discharge  was  about  700  second-feet, 
and  on  October  11  its  discharge  was  135  second-fc»et. 
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:otal  discharge  from"  September  21)  to  October  7,  inclusive, 
an  be  considered  the  flood  period  of  this  stream  at  this  place, 
ind  to  be  10,572  acre-feet,  from  a  drainage  area  of  90  square 
This  means  an  average  depth  of  3.44  inches  over  this  area, 
un-off  per  square  mile  during  the  nine  days  of  the  flood  of 
cond-feet. 

channel  through  Las  Vegas  is  very  crooked  and  causes  the 
)  rush  from  one  bank  to  the  other,  and  as  there  were  no  prot ce- 
lls on  either  bank  considerable  erosion  took  place. 

FU)OD   ON    HONIXI    RIVER. 

'ollowing  table  gives  the  daily  gage  height  and  approximate 
ye  of  Hondo  River  at  the  reservoir  12  miles  southwest  of 
,  N.  Mex.,  and  at  the  gaging'station  at  Roswell.  The  maxi- 
schargi*  is  very  uncertain  as  the  stream  overflowed  its  banks 
onsiderable  part  of  the  discharge  passed  around  the  gaging 

ffht  and  discharffc  of  Hondo  Rirrr  at  RoHirell  and  near  thr  rcHervoir, 
i^eittcmher  J7  to  October  ir,,  1901,, 


Ro8well. 


B^torvoir. 


Date. 


Q«g«  heighti  S*:^a*  0»J!?J5S*?^t 


3r27 
3r28 
?r29 
3r30 


I.. 
J.. 
4-. 
5  .. 
}.. 

r.. 
).. 

10. 

11. 

12. 
13. 
14. 
15: 


In  feet. 

o.ob 

2.25 
3.60 

(«) 

(«) 
2.35 
1.65 
1.50 
1.30 
1.25 
1.75 
4.  HO 
4. 35 
4. 50 
3.25 
2.70 
2.10 
1.90 
1.75 


feet. 


0.00 

.62 

2.24 


70 

29 

23 

15 

13 

34 

''  520 

''  365 

M15 

171 

103 

52 

41 

34 


in  feet. 

1.15 
5.50 
2.30 
9.60 
10.16 
1.80 
1.15 


DiaeharffjB 
in  second- 
feet. 


14 
370 

70 
4,400 
6,290 

33 

14 


•  Banks  <»verllow*Kl :   ^aye  not  read. 

*No  allowance  made  for  overflow  water  passing  around  the  station. 
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l'heri**wt*i*f  two  HockIs  cm  this  strBiirn  in  O^tolK^r,  out*  ri*achiij|i  a 
daily  umxiininii  tm  (h'Uiin'V  U  with  a  ^ag^*  htnpht  at  thi*  if*servoir pi^- 
111^  station  of  10.1(>  fpc't,  and  tlit*  H<H*oiiil  inw  nnirliiii|^  n  liiaxiniimHiH 
f  )('tnlHM*  H,  Willi  Ji  ^Mg«'  lu'i^lit  at  RoHW<*ll  of  atiiHii  4.S  f**^*!.     Tla*  n-i^- 
<md  flood  was  of  l*m^*r  (liiratioij  tlmn  tho  firrf,  hut  did  not  rp4ieli*H 
|rrc*at  a  ^ta^*.     On  Otlt^lw^r  1  Uh^  wiHvr  ni  ih<*  pigling  station  iH-arthi* 
l^'scTVoir  Wiis  L5  U'i^t  rtl>ovo  tlu^  floor  of  tli*^  lindpi*  from  wliit-Ji  tb**  <li^^ 
eliargt^  nK'asnn^tLunits  aiv  iisimny  tuadi';  hf^iin*  ^  rnnsiilcTalile  fM>rti(ifi 
of  tlii^  discharp*  itmst  fiavt*  paHS**d  around  the  gaging  stiition. 

The  following  table  gives  the  gugt*  height  of  Hondo  River  at  tli** 
gaging  station  [lear  tlie  Hondo  reservoir: 

Oaffe  hrjffhi  tm  Hrmdn  Hivtr  mttr  the  re^tervoir^  Heittt^mbt^r  2&  to  Oeinher  S»,  1B\. 

IMA. 

Tikn*. 

TO^tllll 

D»ti. 

TlneL 

1 

September  2& 

September  W  .. 
September  «0  . . . 

toctober  l . 

Octt*l>er  1 
Oetolier  1 
■  October  1 
OctolJer  l. ..,,,., 

Octol>er  1 .. 

October  ^^,  „.__,_ 

6  p,  m 

aa.  m . 

a  p.  la  . . . . . 
5a*  HI 

M  u.  m 
*1  p,  m 
5p.m 

6  p.  m    

6.aO  a.  m  .  . . 

1 

3.30 
9.00 

10*20 
§.60 
ft*  70 

10.90 

ni/20 

10.  fH) 
9.30 

2.00 

J 

October  7-,^„„_. 

October  7. 

October  H , , 

October  8 

Octobers. 

Octobers.,,,,*. 
Oct43beT  8 

October  8 

October  0    

Of^toberft 

i 

aa.  m 

7p*iii ^ 

Ba.  m - 

6.80  a.  HI .   - 

10  a.  m 

2  p.m...... 

4  p.  in 

.^p,  in...... 

H  a,  m ,, ,   , . 

5  p.  m   .   ... 

1 
0.W 

3.10 

tJ4S 

lO.M     j 
10.  IS 

9.  so 
ft.  90 

DAM 

\nE  no^ 

^E   BY   FTjOOD, 

At  Las  Vegas  and   vicinity   the   Santa   Fe   Railway   bridge  vras 
destroyed ;    loss,  $10,000.     The  irrigation  company  had  two  or  three 
dams  washed   away   and   ditches   damaged;     loss,  $15,000.     In  l^^ 
Vegas  itself  tlie  (hiinage  was  estimated  at  $25,000. 

At  Roswell  th(»  damage  was  estimated  at  $15,000.     The  whole  o^ 
the  business  part  of  the  city  was  under  water  on  September  30  ai^ 
October  1,  and  again  on  Octol)er  8  and  1).     Many  adobe  houses  we^ 
destroyed. 

At  Carlsbad  the  Pecos  Valley  and  Northeastern  Railway  bridg"^^ 
the  (ireeii  street  highw  ay  bridge,  and  the  La  Huerta  highway  bridg^ 
were  destroyed.  The  Lake  Avalon  dam  was  destroyed  and  Lake  MacT^ 
millan  and  Carlsbad  dams  l)adly  damaged.  The  total  damage  ii 
and  around  Carlsbad  is  estimated  at  $100,000.  (See  Pis.  XL  XII^ 
p.  184.) 

Considerable  silt  was  deposited  in  the  low  valley.     In  some  places 


MTRPHT  AND 
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this  deposit  is  2  to  3  feet  in  depth,  but  it  resulted  in  little  damage,  as 
it  was  not  deposited  on  farming  land. 

PREVENTION   OF   FUTURE  DAMAGE. 

Floods  of  great  magnitude  occasionally  occur  on  this  stream  and 
are  very  destructive  to  irrigation  interests  on  account  of  the  great 
slope  of  its  bed.  They  destroy  the  dams  or  cut  channels  around  them, 
destroy  the  headgates  of  canals  or  form  bars  in  front  of  them,  over- 
flow the  irrigable  land,  deposit  immense  quantities  of  silt,  sand,  and 
gravel,  and  in  some  cases  bowlders,  filling  the  canals  and  covering  the 
land. 

The  apparent  remedy  is  to  store  the  flood  waters.  The  topography 
of  the  country  renders  storage  easy,  and  the  demand  for  the  water  for 
irrigation  will  add  to  the  value  resulting  from  prevention  of  overflow. 

FAIIiURES  OF  I^KE  AVAIiON  DAM  NEAR  CARJLSBAD, 

N.  MEX. 

By  E.  C.  MUBPHY. 

Two  failures  of  the  Lake  Avalon  dam  have  occurred  within  a  dozen 
years.  The  dam  is  located  on  Pex^os  River,  about  0  miles  above  the 
town  of  Carlsbad,  N.  Mex.,  and  was  built  to  form  a  storage  reservoir 
for  irrigation  purposes.  The  dam,  as  reconstructed  after  the  first 
failure,  was  a  composite  structure  of  loose  rock  with  earth  on  the 
upsti'eam  side:  The  total  len^h  was  1,H80  feet  and  the  maximum 
height  48  fet^t.  The  loose-rock  part  had  a  top  width  of  10  feet,  inside 
slope  i  to  1,  laid  by  hand;  downstream  slope  U  to  1,  laid  by  hand. 
The  earth  part  had  a  top  width  of  10  feet  and  a  slope  of  8^  to  1, 
riprappcd  1  foot  thick. 

The  right  bank  of  the  river  at  the  dam  is  a  conglomerate,  the  left 
bank  is  limestone,  and  the  river  IxhI  is  mixed  well.  The  loose 
rock  used  in  the  dam  was  the  conglomerate  taken  from  the  right  bank. 
It  is  mainly  chunks  G  to  18  inches  in  diameter,  with  nuich  fine  mate- 
rial. It  was  dumped  in  place  by  carts.  The  earth  used  was  a  sandy 
loam  containing  some  clay,  obtained  near  the  dam.  It  was  put  in 
place  with  carts  and  scrapers  and  consolidated  by  the  travel  of  teams 
and  vehicles  over  it. 

There  are  three  wasteways,  one  at  each  end  and  the  other  on  the 
right  bank  about  one-half  mile  from  the  dam.  The  principal  one 
was  located  on  the  limestone  ledge  on  the  right  bank  and  was  pro- 
vided with  gates.  Its  discharge  capacity  for  a  water  height  of  23 
feet,  or  7  feet  below  the  crest  of  the  dam,  was  16,000  second-feet. 
Spillway  No.  1  had  a  capacity  of  5,000  second-feet;  No.  2,  7,300 
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&ml'feot;   he4id gates  of  canal,  3,200  *stK^ond-feet.     The  total  &>- 
rge  of  the  wahteway^  when  the  water  surface  in  the  lake  i^tf  I 
feet  belaw  the  crest  of  the  dam  was  33,000  second -feet. 

Tht^  it^^ervoir  when  filled  to  the  23 -foot  level  had  h.  length  of  ftlM*m 
■  6  miles  and  n  maxinmin  width  of  1^  mileg;  it  submerged  an  area<»( 
1,980  Acnw  and  had  n  capacity  of  6,300  acre-feet 
I  The  dam  was  built  in  1894  on  the  sit*^  of  the  t^omposit©  loose  Ttysk 
•  and  tmrth  dam  that  failed  during  the  fliXid  of  August,  180S,  wbu 
jlhe  maximum  dischargi^  of  Pecos  River  at  this  place  wa^  UM 
ri*econd-ft*et>  The  fii^jit  dam  had  a  lighter  cross  section  than  the  m^ni 
[and  had  only  one  spillway. 

The  Beeond  faihin?  occurred  at  11  p,  in.  October  1,  1904,  during  a 
*fl<MKl  of  nnpreceflented  nui^nitude,  the  rate  of  flow  at  thi.s  \\h(^ 
J>eing*  ac<*ordi ug  to  the  estimate  of  Mr,  V,  L,  Sullivan,  engineer  of  tlie 
:>?*  Valley  Irrigation  Company,  82,000  second -feet.  It  failed  hj 
Ihe  water  forcing  a  passage  through  the  dam,  not  by  flowing  overtlitt 
jtop,  but  the  height  above  the  bed  where  the  earth  facing  failed  coM 
[Hot  Ije  ascertained, 

Mr,  F.  (J.  Traey,  premdent  of  the  Pecos  Valley  Irrig*ilii>n  Compaoj* 
.was  at  the  daii^  at  the  time  of  it>s  failure,  and  states  that  the  wut^ 
[reached  a  height  of  alKuit  3  feet  Ixdow  the  crest  of  tht*  tlani  and  re* 
I'lnained  nearly  stationary  for  a  few  hours*     He  thought  the  daiig*^* 
of  failure  was  over,  but  shortly  after  the  lake  surface  at  the  diS* 
dropjied  rapidly  3  feet. 

He  went  out  on  the  dam  with  a  lantern  and  heard  the  w^ater  roa^^' 
ing  through  the  dam,  but  the  crest  had  not  scuttled.     The  water  vot^ 
tinned  to  fall  for  some  minutes  and  then  appeared  to  rise  for  a  shor"^ 
time,  after  which  the  dam  gave  way.     A  st»ction  about  450  feet  lon^ 
at  the  crest  and  400  feet  at  the  basc^  was  washcKl  out. 

There  are  two  opinions  as  to  the  cause*  of  the  failure.  One  is  lint  t 
animals  burrowed  into  the  earth  facing  from  the  downstream  sid^ 
and  weakened  it :  the  othei-  is  that  the  failure  occurred  near  tU*^ 
base  at  tiu'  right  end.  There  was  some  leakage  at  the  latter  |>oiu*^^ 
and  efforts  wer(»  made  to  stop  it  by  sheet  l)iling,  but  without  comple^*^ 
success.  AVhether  the  failure  was  due  to  animals  burrowing  or  ^^ 
faulty  construction  of  the  dam  at  the  right  bank  can  not  l>e  asce^' 
tained,  as  it  occurred  in  the  night. 

The  flood  w  a ves  caused  by  both  failures  were  large.  At  the  first  on^ 
in  August,  1893,  all  bridges  in  Carlsbad  and  the  flume  that  carrie^ 
water  for  irrigation  at^'oss  Pecos  River  were  swept  away.  The  flooc^ 
at  the  second  failure  damaged  the  flume,  swept  aw^ay  the  thre(^ 
bridges,  cut  a  new  channel  around  the  dam  at  Carlsbad,  and  eroded 
the  river  banks  to  a  considerable  extent.    It  is  said  that  the  channel 
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in  the  vicinity  of  Carlsbad  is  twice  as  wide  at  the  present  time  as 
prior  to  the  flood  of  1893. 

Nine  miles  above  Lake  Avalon  dam  is  located  Macmillan  dam,  a 
somewhat  larger  composite  structure  having  a  maximum  height  of 
52  feet  and  a  crest  length  of  1,686  feet.  The  side  slopes  and  top 
width  are  the  same  as  those  of  Lake  Avalon  dam,  but  the  top  width 
of  the  loose-rock  part  of  the  larger  structure  is  14  feet  and  of  the 
earth  part  6  feet.  This  dam  was  not  damaged  by  the  flood,  but 
fears  were  entertained  for  its  safety,  as  its  spillways  were  raised  a 
few  feet  a  short  time  prior  thereto. 

The  writer  is  indebted  to  Mr.  B.  M.  Hall,  supervising  engineer. 
United  Statas  Reclamation  Service,  and  to  Messrs.  F.  G.  Tracy,  H. 
Christian,  and  V.  L.  Sullivan,  offic*ers  of  the  Pecos  Valley  Irrigation 
Company,  for  some  of  the  information  used  in  the  pi-eparation  of 
this  paper. 

RIO  GRANDE  FIXK)T>8,  N*:W  MEXICO. 

By  E.  (\  MuBPfiv. 

During  the  latter  part  of  Septemlx»r  and  the  early  part  of  October 
there  were  frequent  and  at  timers  quite  heavy  rains  in  Texas  and 
southern  New  Mexico  that  caused  the  Rio  Grande  to  overflow  its 
banks  at  some  places.  The  property  loss  due  to  the^ie  overflows  was 
not  large. 

I»KE(^IP1TAT1()N. 

The  precipitation  roconhMJ  at  six  places  in  this  drainage  basin 
from  Septembi»r  28  to  ()ctolK»r  15,  11)04,  was  as  follows: 

Prrcifntation  in  Rio  (inimlc  hasin,  ti)0.i. 

Inc'liPK. 

TixoH      _      __      _.                             .      2.SS 

AUnKimTquo             . _       -                 _     _   .      1.0:t 

Ixm  LuiiUH   .    .    __  __   _   __    .-   4.  ir> 

Soc<»rn)    __   _.._-_   . __  __  __  r».  4S 

San    Marclal _.    2.50 

Mosllla    Park 2.80 

FUM)r)    IN    SorTHEKN    NKW    MEXICO. 

The  following  table  pves  the  mean  daily  ga^e  height  and  corre- 
sponding discharge  of  the  Rio  (irande  during  thest*  floods  at  three 
of  the  gaging  stations  on  it,  and  from  this  table  the  magnitude  and 
duration  of  the  floods  can  be  seen.  One  of  these  stations  is  at  Ceni- 
cero,  Colo.,  near  the  Colorado-New  Mexico  boundary  line;  another 
is  at  San  Marcial,  N.  Mex.,  about  145  miles  north  of  El  Paso,  Tex., 
and  the  other  is  near  El  Paso. 
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Dailif  tti€utt  tfage  heiffht  and  ditschurge  of  Hio  Grande^  1^04 


It-.     I 


Dttte, 


hetsht  la 


September  21 . 

Sept4*mb©ra8 

September  21*  . .    . 

September  30 

October  1  . .   

October  2 
(k'tcjber  li 
October  4  . 

October  5 

(October  ft 

OoUilwr  7  - .., 

Octolierl*  __...... 

Otttober9 

October  Irt  _*,,,^ 
Octijhier  11  *...,,* 
OotorerlB^,.-,-, 

Octiijber  13 

October  14  ._„_ 

Octobfir  !5    

Otrtolier  m 

0(*talser  17 

OrtnU^r  tH  ._._  . 
t>t<)ber  n> ._ 

OctalH-rSl 

(X-tobMr^'i -. 

Otoher^H  ..._.. 
October  24  ..„.._, 
Ctetober  25  ....... 

0<*tober  30 

October  27 


OenioQnii  Oolo, 


Emn  HArdAi,  N.  Mfiv." 


heist] t  In;  In  ^ecoiid- 

f@Bi.      I        feet, 


LiW  I 
3.00 

a,»o  I 

2.10  j 

ft  3.60  ' 

2.90  ' 

a.ao  ! 


63.75  I 
3.95  I 
S.95  { 

fcS.TO  I 
3.50  ] 
3.30  I 
3.30 

'*3,00 
SJK) 

2.  m 

2.  HO 

2.m) 
3.50 

3.  rji) 

ff  2,  40 
2.20 
3.10 


84 

84 

113 

2m 

1,800 
1.865 
l,7a5 
1,480 
1,355 
1,735 

a  125 

2.860 
9,150 

3,  lao 

2,790 
2,520 
3,125 

3,125 

l,H^1^l 

1,7^5 
IM^^ 

i.2ao 

U2H0 

LllO 

874 

703 


El  Bwx  TtBS." 


iheifrlit  liL  In  tetnMd- 


d.10  ' 
'^10.40  ' 
10.50 
11.70  ' 
1L95 
IS,  10 
fr  13. 70 
&.50 
«8.90  I 
8.00  ] 
».10  I 
8.95 
11.55 
''12.85 
13.  75 
HO.  60 
9,45 
9.00 
8.90 
ft.  75 
8.05  I 
8.05  I 
8.55  I 
8.40  I 
tt.20  ' 
8.30  I 
8.  25  j 
8,10  I 
8,15 
8.20 
8,10 


f^50 

a,  080 

8,380 

7, 550 

8,550 

18,400 

19,070 

5,00<1 

3.3tm 

2,  BOO 

3,000 

2,880 

12,000 

34.000 

^a.oo<» 
:h,@oo 

31,730 

15,900 
11,100 

0.  250 

1 .  5rj(> 
1,710 
1.770 
L7H0 
1,730 
1.750 
1.620 
1,300 
1,370 
1,430 
1,240 


4.10 

5.85 

6.80 

«.05 

7.45 

9.55 

10.80 

11.55 

13.10 

13.75  ( 

11.50  I 

11.10  I 

12,55  I 

18.  do  I 

13.15  ' 

18,40 

la.fSO 

IS.  90 

i;i,95 

ii,:iri 

10.85 

9.  55 
0,  25 

9.ai 

8.80 

s.m  ' 

8.35  ' 
8, 15 


110 

m 
m 

i,:m 

4,  (HO 
5.410 

6JW 

7,e70 

11. m 
10,5.^ 
13.010 
13,800 

ie,2oo 

17  JM 

5,a'i0 

13,  .>tO 
dp  150 

2.700 

s,46r» 

2,2.50 

3. 460 

2.04^1 
L8<J0 


"  Results  fiirnlshod  by  \V.  \V.  Follett,  consulting:  enj?lneer  International  Boundary  Coin 
mission. 

**  Meter  measurements. 

The  record  at  Cenicero,  Colo.,  shows  two  maximum  stages — one 
Octolx^r  2  to  4  of  8  feet,  and  another  on  October  11  and  12  of  8.95 
feet.    As  the  stage  at  this  station  is  occasionally  6  feet  higher  than 
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either  of  these  stages,  it  is  evident  that  these  floods  were  almost 
entirely  south  of  the  Colorado-New  Mexico  lx>undary  line. 

The  record  at  San  Marcial  shows  that  the  Rio  Grande  at  this  place 
reached  a  maxunum  stage  of  13.1  feet  with  a  disc^harge  of  18,400  sec- 
ond-feet on  October  2  and  a  stage  of  1:3.75  fwt  and  discharge  of  33,000 
second-feet  on  October  11.  The  second  of  these  floods  was  nnich 
larger  and  of  longer  duration  than  the  first,  and  the  discharge  for  four 
consecutive  days  during  the  second  was  larger  than  at  any  time  during 
the  first.  It  is  interesting  to  note  the  effect  of  the  sandy  bed  of  the 
(Stream  at  this  place  on  the  height  of  the  flood.  Although  the  dis- 
charge on  October  11  was  80  per  cent  greater  than  on  Octol)er  '2,  the 
gage  height  was  only  0.05  foot  greater  on  the  earlier  date.  If  the  l)ed 
had  been  rock  or  jxjnnanent  material,  the  extent  of  overflow  would 
have  been  much  greater  than  it  was. 

At  El  Paso,  Tex.,  the  stream  reached  a  maximum  stage  on  October 
6,  with  a  gage  height  of  12.75  feet  and  a  discharge  of  8,170  second- 
feet,  and  on  October  15  it  reached  a  stage  of  13.J)5  feet  with  discharge 
of  17,100  second-feet.  For  seven  consecutive  days  during  the  second 
flood  the  discharge  at  El  Paso  was  greater  than  at  any  time  during  the 
first. 

The  following  table  gives  the  mean  daily  discharge  of  the  Rio 
Grande  at  seven  places  on  it  and  of  the  Pecos,  near  its  mouth,  for 
October,  1904,  while  the  streams  of  New  Mexico,  Texas,  and  Mexico 
were  in  flood : 

Mean  daily  discharge,  in  second-fret,  of  Rio  Grande  and  Pccoh  River,  October  1 

to  SL  lOO^.a 


Rio  Grandt' 

—I 

Rio  Grande. 

Date. 

San 
Marcial. 

ElPa»c>. 

Pr£?ifo. 

Li>wt»r 
Presidio. 

Lantrtry. 

PecoB 
Rivor  at 
Moore- 
head. 

Below 
DevilH 
River. 

Eagle 
Pass. 

Octoberl... 

8,550 

1,730 

0 

7,770  1 

11,350 

980 

17,000 

15,400 

October  2... 

18,400 

4,040 

0 

6,200 

9,250 

1,150 

15,510 

14,640 

Octobers... 

19,070 

5,410 

0 

3,920 

9,100 

890 

15,060 

11,880 

October4... 

5,000 

6,210 

0 

4,100 

9,250 

7(W 

13,960  ' 

10,430 

Octobers... 

8,200 

6,850 

0 

4,450 

8,050 

715 

12,560  ' 

11,600 

Octobere... 

2,600 

8, 170 

0 

3,750 

6,400 

675 

12,810 

9.280 

October?... 

3,000 

6,180 

300 

4,630 

6,100 

590 

13,510 

8,640 

Octobers... 

2,880 

5,740 

1,300 

7,600 

5,800 

700 

11,300 

'         1 

8,470 

October  9... 

12,000 

7,670 

1.750 

7,950 

5,800 

1,260 

10,640 

8,800 

October  10.. 

24,000 

11,370 

2,090 

7,080 

6,850 

1,740 

10,880 

8,800 

October  11.. 

88,000 

10,550 

2,600 

8,830 

10,600 

1,740 

13,370  1 

10,000 

October  12.. 

24,800 

12,010 

3,540 

12,680  , 

12.850 

1,830 

14,060  ' 

13,900 

•Data 

furnisher 

1  by  W.  ' 

W-.  Foliett 

.  consult 

ng  engineer. 

IBB  1-1 

7—05  M 

10 
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Meitn  daittf  tfiftvkurye,  in  9ecan^~feei,  nf  Rfo  Grant! tf  and  Prcat  RiPtr^  Ottolm- 1 


Blu  armndo. 

Pfmcm 
Bifw  At 
Mooro- 

2,050 

BJoGnaflfi. 

Dut*. 

San 
Mftn-iaL 

ElBwu. 

iJ^V 

liuiftry, 
14,650 

Bttkvw 
DeriJa 

October  18- - 

21.750 

18,800 

4,900 

ie,70ft 

14,440 

m.m 

October  14- - 

1.^.900 

lS/200 

^,fMK.> 

!7,10(J 

19,300 

2,095 

m,mo 

m.m 

October  15.. 

ll.lUO 

17,  UK) 

3,630 

18,300 

21,3.10 

2,630 

98,88a 

Bi,m 

October  16., 

e.  250 

9,300 

6,180 

18,900 

19,150 

8.010 

24,880 

n,m 

October  17,, 

1, 5,-50 

6,300 

9,360 

18, 500 

21,100 

8,340 

25,880 

38.  W 

October  18,, 

1.710 

5,050 

a.  910 

17,500 

21,400 

8.680  , 

25,4t*0 

m,m 

October  19, , 

1,770 

4,800 

8,910 

15,900 

25,800 

4,040 

d0,5oa 

mjvii 

October  20., 

1,780 

3,550 

7,000 

13.920 

20,050 

4,410 

36.740 

81,439 

Octt>ber21_ 

i,7ao 

8,150 

7,000 

12,480 

18,700 

4,660 

3l,iJ§0 

m420 

October  22., 

1,7S0 

8,700 

8,550 

10,900 

19,  7.^ 

4,790 

21,620 

n.m 

October  S3., 

l.fi20 

14(M) 

6,350 

10,020 

16,900 

5, 570 

19.860 

26,7W 

October  24,. 

1.890 

2.250 

8,540 

8,370 

14,800 

5,460 

17,900 

^m 

October  2*5.. 

l,a70 

2,460 

2,410 

6,870 

13,750 

i&,230 

16,3^ 

^.w 

October  26,. 

K430 

3,040 

S,240 

6480 

12,700 

4,880 

16.020 

21.79) 

October  27,, 

1,240 

USffi) 

a, '340 

5,490 

10, 800 

4,360 

15,  870 

ii>>a4o 

October  28., 

4,200 

1,620 

2,010 

7,  aw 

8,800 

8,520 

14,970 

16.800 

October  29.. 

i,ieo 

1,620 

1,800 

8,100 

8,650 

2,780 

14,370 

15/106 

OctcjberSO.. 

1,120 

1,620 

a,  540 

9,150 

9,5.50 

3,620 

14,220 

18.980 

October31._ 

1,230 

1,500 

2,010 

6,700 

11,500 

2,180 

18,S*20 

15,160 

Mean  .. 

7,534 

5,960 

8,403 

9^903 

13, 194 

3,719 

17,544 

18,735 

Fig.  13  shows  the  location  of  the  above  gaging  stations. 

The  following  facts  may  be  noted.  The  flood  at  San  Marcial  that 
had  a  maximum  discharge  on  October  3  of  19,070  second- feet  pro- 
duced a  maximum  three  days  later  at  El  Paso  of  only  8,107  second- 
feet.  The  second  flood  reached  a  maximum  at  San  Marcial  of  33,000 
second-feet  on  October  11  and  a  maximum  four  days  later  at  El  Paso 
of  17,100  second-feet.  These  two  stations  are  about  145  miles  apart. 
There  are  a  number  of  small  streams  entering  between  the  stations, 
but  no  large  ones. 

The  Rio  Conchos  enters  the  Rio  Grande  between  the  upper  and 
lower  Presidio  stations,  and  to  it  is  due  the  difference  in  the  dis- 
charge at  the  two  places.  Up  to  October  7  the  Rio  Grande  was  dry 
above  the  mouth  of  the  Conchos,  the  flow  at  El  Paso,  which  varied 
from  1,730  to  6,210  second-feet  from  October  1  to  4,  failing  to  cause 
a  flow  at  this  place,  although  they  are  only  about  220  miles  apart. 

The  volume  of  flow  of  the  Rio  Grande  at  Devils  River  station 
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should  be  approximately  the  sum  of  th*»  volume  of  flow  at  Laugtry, 
of  the  Pecos  at  Moorehead,  ahd  ()f  Devils  River,  which  is  16,483  as 
compared  with  the  measured  amount  of  17,544  second-feet. 

There  is  a  gaging  station  on  Devils  River  near  its  mouth,  but  its 
discharge  is  not  given  in  the  table,  as  it  was  nearly  constant  during 


!           ^t^X 

0     0     L^^   JA     A     n     ri 

T'""**" 
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1 

i 

j     r"*V^45bndo 

"^/d^ 

neWme'^^7\^ 

^'OBrroT                                          X^ 

vC      J^n  M«w««l  ":=--,^_\/      f. 

Y^K„.,e            '^^:^f^U 

ficftle. 

»pe  Miva 

rv^^  A   8 

J      \  H        -xi^ 

— ;jj;«»irtr^  ^ 

^Xl^ 

\Sa'  '  ^ 

)                  OC-X^^**  ''*• 

^ 

-5^^^ 

•it 
1' 

s^: 
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Fig.  13. — Drainage  basin  of  the  Rio  Grande. 

the  month,  varying  only  from  530  to  610  second-feet,  the  mean  for  the 
month  being  570. 

The  flow  of  the  Rio  Grande  at  Eagle  Pass  for  the  month  was 
somewhat  larger  than  that  at  the  station  just  below  the  mouth  of 
Devils  River,  owing  to  the  discharge  of  certain  small  tributaries  , 
entering  between  these  places.  l 
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HAKHi  IN   NoHTHEIIN  AHLI  CfiJ^TUAL  NEW   M£Xlt'U. 

A   inoiisiHViuont   luudf  at  tli*^  fingiug  Aaium  h{    Kio  (iniiuks  ^. 

unil,  with  tJie  wntt^r  Hurfa^H.*  t^.O*'*  fiH*t  iK^tnv  tlio  flour  at  iUv  raihv^v 
ln*itig*'.     Liiti:  in  till*  nfh^ruuon  of  thiit  iliiy  tlu^  vivw  fit*g«ti  t«i  r\^ 
IUkI  Jit  11  |h  itL  htnl  nmolun]  iUs  niuximuiu  sltige^  7.(5  fi^et  above  the 
i^tag^  at  whk'h  thi'  iiiiiahiiiViiunU   had  Ikk^ii  made.     A  meHstmement    1 
wjtii  ss!il'fat'<*  (loHis  \viiH  liiadt*  nt  U  oVd<K*k  thp  next  luorning,  with  the 
stag**  aUmt   I  fooi  tn^hhv  iiiaxuuutiu  tuid  the  discharge  found  to  lie    , 
appi'oxiiiuitfly  liS.OCKJ  nihil*  fwt  ]wr  s*h*oikL     At  6  a*  tii,  OctobtT  t   | 
a  rrn»usur*.'inon(  was  iiiudi*  iind  tlu*  dist^hargc  found  to  be  2,500  ciihk 
fet^t  per  H*.HH>iid,     Tlu*  ci'i^ss  si*duin  of  the  sU'miu  lit  thi^  gaffing  ^tji-  ■ 
tion  wasi  found  to  have  Ix^ii  greatly  changed  by  th**  flcKid.    The  | 
niaxinnuti  discharge  at  tliis  phici*  \\i\n  coirif>iiti'd  ta  tje  HO,IK:il>  cn\nc 
feet   per  second,  and  tlie  total  vohnne  of  ruriMitr  fnnn   September 
29  to  Oetat>er  10,  inchisive,  131  J8*2  aere^fcH^,  from  a  drainage  area  of 
11,250  MHiare  miles.  I 

The  maxitiHun  discharge  was  also  computed  by  Mr.  Monk*  umiii  ■ 
Kutter-s  formula,  witli  a  coefficient  of  roughness  n ^0*025,  and  a 
Mir  face  .slope  -iS^=0.0007  feet  per  foot,  and  found  to  Ijq  10,5GT  cubic 
feet  It  IH  i^een  that  the  discharg«%  a.s  obtained  by  the  formula,  is  30 
per  eent  le^is  than  that  obtainetl  by  the  floats.  This  is  probably  due 
to  the  difficulty  of  measuring  the  mirface  slojw* 

Alhuqupn[uo  ^'alley  from  the  moiitli  of  White  Rock  Canyon  to 
San  Marcial  varies  in  width  from  one-fourth  mile  to  3  miles,  most 
of  which  is  under  cultivation.  As  this  valley  is  comparatively  flat 
and  very  slightly  above  the  level  of  the  river  channel,  the  water 
spread  and  covered  nearly  all  of  it.  The  widening  of  the  stream 
diminished  its  force  and  consequently  the  damage  to  buildings  was 
very  small,  but  almost  the  entire  harveibt  of  corn,  wheat,  and  oat.s 
v»'as  destroyed  and  the  orchards  and  vineyards  damaged  to  a  large 
extent.  The  soil,  however,  was  enriched  by  the  sediment  and  bene- 
fited by  the  washing  of  the  alkali  from  the  land.  The  town  of  Albu- 
querque was  affected  by  the  flood  to  only  a  slight  extent  other  than 
the  suspension  of  railway  traffic  for  about  ten  days.  At  San  Marcial 
the  levees  east  of  the  town  broke  at  6  p.  m.  on  October  2  and  allowe«l 
the  w  ater  to  reach  the  town.  In  the  Mexican  quarter  of  the  town  70 
houses  were  rendered  uninhabitable,  and  about  280  i>eople  wen' 
obliged  to  seek  i^fuge  with  friends  or  in  tents.  The  water  in  the 
streets  varied  in  depth  from  1  to  2  feet. 

The  precipitation  at  Santa  Fe,  N.  Mex.,  on  September  29  and  30 
was  2.51  inches,  about  0.8  inch  greater  than  for  any  previous  two 
days'  record.  This  precipitation  caused  a  very  large  flood  in  the 
Santa  Fe  canyon  in  the  bed  of  a  sniall  stream  that  is  usually  dry. 
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The  flood  on  this  stream  reached  the  storage  reservoir  at  Santa  Fe 
,t  8.30  p.  m.  on  September  29,  and  at  10  p.  m.  had  filled  the  reser- 
oir  (200,000,000  gallons  capacity)  and  was  running  over  the  spill- 
way to  a  depth  of  36  inches.  From  this  time  until  2  a.  m.  on  Sep- 
ember  30  the  river  was  discharging  approximately  750  cubic  feet 
ler  second.  For  the  following  twenty-four  hours  the  discharge  fluc- 
uated  between  500  and  200  cubic  feet  per  second,  then  decreased  to 
,  flow  of  35  cubic  feet  per  second,  which  stage  it  maintained  for 
,bout  ten  days.     It  then  gradually  decreased  to  zero  on  October  25. 

The  flood  as  it  appeared  just  above  the  Santa  Fe  reservoir  is 
[escribed  by  an  eyewitness  as  a  wall  of  water  8  feet  high,  with  a 
"-elocity  of  about  20  miles  per  hour. 

From  the  first  water  on  September  20  to  October  10  the  estimated 
lischarge  of  this  usually  dry  stream  was  1,()3(>  acre-feet,  after  stor- 
ng  in  the  city  reservoir  ()14  acre-feet. 

The  Santa  Fe  Light  and  Water  Company  sustained  the  heaviest 
OSS,  which  amounted  to  between  $3,000  and  $5,000.  The  main  water 
npe  into  its  power  house  was  broken,  leaving  the  city  of  Santa  Fe 
ivithout  water  and  light  for  about  forty-eight  hours.  One  of  its 
bridges  was  washed  out  and  four  others  were  more  or  less  damaged. 
[Hher  damages  were  of  minor  importance. 

DAMAGE   DONE   BY   FLOOD.** 

The  damage  done  by  this  flood  consisted  of:  (1)  Loss  of  crops  on 
the  area  overflowed,  consisting  of  alfalfa,  corn,  beans,  and  vegetables. 
(2)  Damage  to  land  along  the  river  that  in  some  places  had  the  soil 
washed  away  and  in  other  placets  was  covered  with  sand.  (3) 
Damage  to  dams,  head-gates  of  cdnals,  and  irrigation  ditches.  (4) 
Destruction  of  houses:  many  of  the  houses  in  this  section  of  the 
country  are  built  of  adol)e,  and  the  water  s<H)n  softened  the  clay  and 
the  houses  fell.  (5)  Damage  to  highways  and  railway  bridges  along 
the  river,  some  of  which  had  one  or  more  spans  taken  away  by  the 
floml. 

Summary  of  losses  from  fJufjlc,  \.  Mrx.,  in  FA  Paso,  Trj\ 

Las  Palomaa  VnUey $315 

Near  Arrey,  west  side  Uio  (Jrnnde 1,045 

Lands  uuder  sand,  San  Isidro  canal 5.380 

Colorado  and  Rodey  settlers 1,930 

Southwest  of  Rincon 2,195 

Dona  Ana  community 1,200 

Las  Cruoes  district 9,460 

Near  Barlham 5.080 

•Talcen  mnlniy  from  report  of  J.  L.  Uhead,  aRslstant  engineer. 
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IIy  M,  V,  niNUKfiunKE  nnd  3i»xl><taiits. 
REVIEW  OF  YEAR. 

INTRCJDtTtTlflNp 

The  year  1904  has  passed  into  history  as  one  of  great  an  J  de^tnir- 
live  floods,  this  being  particularly  trne  of  ]X)rtions  of  the  arid  ami 
^eniiarid  sections  of  the  Rocky  Mountain  dib^triets,  in  numerous  purt^ 
of  which  there  have  occuri'od,  almost  without  warning,  mifjous 
fkwds,  wliich  swept  everything  l«*fore  them  and  left  wreck  and  nm 
in  their  wake.  WTfiat  had  fur  years  l)een  known  only  as  dry  gulcK*^* 
or  arroyos^  were  snddeidy  converted  into  torreotial  streams,  laying' 
waste  entire  villages,  destroying  crops,  sweeping  away  homes^  dro^vn 
ing  live  stock  and,  in  some  instances,  human  Ix^ings, 

Some  of  the  Hinids  were  remarkable  for  the  suddenne*^  of  tliM 
occurrence  and  the  c(jm'sponding  rapidity  of  their  dissipation  fln'l 
the  havoc  wrought,  others  by  their  occurrence  in  localities  where 
even  more  destructive  floods  had  occurred  the  previous  year,  others 
for  length  of  duration,  and  still  others  for  fearful  loss  of  life  which 
shocked  the  whole  country. 

In  Colorado  there  occurred  early  in  the  spring  a  flood  of  largt' 
proportions  along  the  valley  of  Cache  la  Poudre  River,  which,  owing 
to  its  location  in  what  is  probably  the  most  intensely  cultivated  and 
valual)le  agricultural  section  of  the  State,  caustnl  heavy  losses  both 
to  individuals  and  to  the  towns  of  Livermore,  Fort  Collins,  and 
Greeley,  and  also  to  railway  and  ditch  corporations;  one  life  was 
lost.  The  same  storm,  precii)itating  also  on  the  headwaters  of  Crow 
Creek,  in  southern  AVyoming,  caused  that  stream  to  rise  to  an  exces- 
sive height  within  a  few  hours,  resulting  in  the  destruction  of  a  great 
deal  of  private  and  corporate  proi)erty  in  Cheyenne,  Wyo.,  and  the 
loss  of  two  lives.  A  detailed  report  of  this  flood,  compiled  from 
reports  by  Messrs.  James  J.  Armstrong,  irrigation  engineer,  and  A.  J. 
Parshall,  resident  hydrographer,  appears  on  pages  156-158. 

Doubtless  the  most  destructive  flood  of  the  year  in  Colorado,  if 

•  On  account  of  lack  of  space  it  has  l>oen  necessary  to  condense  certain  parts  of  this 
report  and  to  omit  other  parts  of  minor  importance;  it  has  also  been  found  Impossible  to 
reproduce  many  of  the  accompanying  Illustrations. — E.  C.  Mubfhy. 
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judged  by  the  extent  of  the  financial  losses,  was  that  along  Las 
Animas,  or  Purgatory,  River,  a  southern  tributary  of  the  Arkansas. 
This  occurred  on  October  1  and  resulted  in  heavy  losses  to  railway 
corporations  and  to  the  city  of  Trinidad.  A  detailed  report  of  this 
flood,  by  R.  I.  Meeker,  assistant  engineer,  appears  on  pages  158-169. 

Another  flood  whose  results  were  particularly  direful  was  that  of 
August  7,  which  occurred  in  what  is  ordinarily  a  dry  tributary  of 
Fountain  River,  and  caused  the  awful  Eden  disaster  on  the  Denver 
and  Rio  Grande  Railroad,  in  which  106  people  lost  their  lives. 

During  the  latter  part  of  September  very  heavy  rains,  resembling 
cloud-bursts,  occurred  in  northeastern  New  Mexico,  causing  the  Galli- 
nas,  Sapello,  and  Mora  rivers  to  overflow  their  banks  and  flood  their 
valleys,  and  resulting  in  the  destruction  of  an  enormous  amount  of 
property  and  the  loss  of  several  lives.  Heavy  floods  on  the  Rio 
Grande  in  this  territory  were  a  feature  of  the  season's  flood  condi- 
tions. A  destructive  flood  occurred  in  La  Plata  Valley,  in  New  Mex- 
ico, on  October  6,  a  detailed  account  of  which  is  given  by  Mr.  T. 
Tobish,  field  assistant,  on  pages  169-171. 

Destructive  floods  occurred  also  along  Canadian  River  and  Ute 
Creek,  in  northeastern  New  Mexico,  and  along  the  Rio  Pecos,  in  the 
eastern  part  of  the  territory,  resulting  in  hQnvy  damage  ^o  the  Chi- 
cago, Rock  Island  and  El  Paso  Railroad  and  to  the  re.sidents  along 
these  streams.  These  floods  have  been  reported  by  Mr.  W.  G.  Russell, 
resident  hydrographer,  of  Russell,  Kans.,  and  Mr.  W.  M.  Reed,  engi- 
neer, at  Roswell,  N.  Mex. 

FliOOD   STATIONS. 

In  the  spring  of  1904,  in  response*  to  the  general  desire  of  the  peo- 
ple of  Kansas  for  a  Federal  investigation  of  flood  conditions  in  that 
State,  eight  river  oi)servati()n  stations  weiv  established  on  the  streams 
most  generally  affected  by  floods,  at  points  where  records  of  their 
stage  could  be  secure<l.  In  locating  these,  several  things  had  to  lx» 
considered,  among  them  the  necessity  for  placing  them  at  points 
where  the  records  would  be  of  the  most  value  to  the  residents  of  the 
citieii  and  agricultural  districts  farther  down  the  river,  and  at  points 
where  they  might  \w.  within  easy  reach  of  telegraph  or  telephone 
accommodations  for  transmitting  warnings  of  high  and  dangerous 
stages  to  residents  along  the  lower  course  of  the  streams.  After  due 
consideration,  the  following  points  were  selected:  Fall  River  at  Fall- 
river,  Kansas  River  at  Solomon,  Kansas  River  at  St.  George,  Kansas 
River  at  Topeka,  Neosho  River  at  Neosho  Rapids,  Neosho  River  at 
Humboldt,  Verdigris  River  at  Independence. 

At  each  of  these  stations  permanent  gages  were  established, 
observers  employed  to  make  the  observations,  the  river  channel  cross 
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ioned^  levels  of  previous  high* water  stages  taken  and  eonnedM 
^^Ql^lil  p^rmuiient  iK'iidi  marks,  slopi%s  of  ehnnnel  stH'iired,  and  infurnm- 
■ion  colkH*tcd  n?|!:iirdiiig  the  charactt^r  and  damage  I'esulting  fnun 

previous  fl0<K]J^, 

The  c>bri«>rvers  wen*  instructed  to  take  daily  readings  after  the  stagi^ 

of  the  river  rost*  aIkjvc  a  certain  point,  to  take  such  readings  hourly. 

if  necessary,  daring  dangerous  rist*s,  and   to  report    the   same  lo 

towns   lower   down   the   river.     Tliese   ol>servati<»U3s    of    river  stap/ 

b»roved  of  gn^at  value,  particularly  to  the  agricultural  di^trictfe?,  as  the 

Bfi  format  ion  concerning  dangerou?^  rises  enabled  the  fumiers  to  transr 

Kfer  their  stork  (o  pluci's  of  safety  l>efore  the  appearance  of  a  tloixi 

This  information  during  the  spring  and  sumnier  of  1^04  prevented 

lasses  to  the  fanning  communities  along  Fall  River  aggregating  many 

thousands  of  dollai's.     The  telephone  companies  cooiieratetl  in  this 

hrork  by  transmitting  all  messages  free  of  charge.     In  Colorado^ 

ICanpas,  New  Mexico,  and  Wyoming  the  various  railway  campaiueifl 

extended  valuable  assistance  in  the  collection  of  flood  data  an€l  otbeffl 

■hirtherance  of  this  work.     Some  of  the  data  obtaineti  at  these  fl«Hxl 

stations  am  given  in  the  discussion  of  floods  in  southeastern  Kansas 

Dage^  5t>-U3. 

■  CAUSE  OF  FLOODS. 

W    The  cause  of  the  floods  in  this  district  has  been  mainly  abnormal 
rainfall  for  a  short  period  of  time  over  comparatively  small  areas. 

In  some  cases  the   failure  of  artificial    work>^  on   the  stream  has 
increased  the  flood  flow  and  the  destruction  wrought. 

The  flood  discharge  of  a  stream  is  controlled  by  two  factors,  viz, 
rate  of  run-off  from  drainage  basin  and  capacity  of  the  channel. 
If  either  of  these  controlling  factors  can  be  regidated,  the  other  may 
\yQ  disregarded.  To  regulate  the  run-off  one  requirement  is  neces- 
sary, viz,  storage.  This  may  l)e  either  natural  or  artificial  in  char- 
acter or  both.  If  natural,  the  storage  will  consist  of  the  forest  cov- 
ering of  the  drainage  basin,  the  character  of  the  soil,  and  the  topog- 
raphy; if  artificial,  the  water  nuist  Iw  stored  in  res(*rvoirs.  If,  on 
the  other  hand,  the  run-off  can  not  l)e  controlled  by  storage,  the 
drainage  channel  nuist  l)e  maintained  at  such  capacity  as  to  acx^om- 
modate  the  maximum  run-off  in  the  minimum  length  of  time.  It 
sometimes  happens  that  the  natural  channel  is  of  sufficient  capacity 
to  meet  the  requirements,  but  this  is  not  often  the  case;  more  fre- 
quently it  is  crooked,  with  banks  lined  with  brush  and  timber,  and 
more  or  less  obstructed  by  debris  and  dams,  which  change  the  natural 
grade  of  the  river,  and  by  low-spanning  bridges,  piers,  and  abut- 
ments, loose  riprap,  and  other  serious  encroachments  on  the  banks 
such  as  are  generally  found  in  cities  where  the  river  banks  are  made 
the  dumping  ground  for  the  city  garbage. 
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DAMAGE  DONE  BY  FL(X)D8. 


The  data  in  the  accompanying  reports  illustrate  the  great  destruc- 
iveness  of  floods.  As  an  instance  of  their  suddenness  when  resulting 
rom  the  so-called  cloud-bursts  may  be  cited  the  cise  in  Colorado,  in 
irhich  an  entire  train  load  of  unsuspecting  people  were  plunged  into 
.  roaring  torrent,  which,  but  a  few  minutes  previously,  had  been  a 
larmless  dry  arroyo. 

The  results  of  floods  are  manifold,  the  most  important,  doubtless. 
»eing  the  financial  losses  incurred,  which  may  amount  to  millions  of 
lollars  in  a  comparatively  small  area;  in  addition  they  often  cause 
nreat  hardships,  inchiding  loss  of  life  and  the  suffering  and  sickness 
aiised  by  exposui-e  and  privation.  Some  of  the  greater  losses  affect 
he  country  not  only  locally,  but  at  large.  Among  those  may  be  men- 
ioned  the  destruction  of  farms,  as  was  the  case*  in  considerable  areas 
ilong  Kansas  River  after  the  gi-eat  flood  of  1903.  What  had  been 
•ertile  and  productive  farms  prior  to  the  flood  were  washed,  worth- 
ess  stretches  of  sands  after  its  subsidence. 

The  destruction  of  mills  or  of  dams  furnishing  water  power  for 
rrigation  works,  bridges,  etc.,  is  a  blow  to  the  whole  section  of  the 
•ountry  where  they  occur. 

Damage  to  or  destruction  of  a  system  of  sewerage,  drainage,  or 
crater  supply  is  very  apt  to  injuriously  affect  the  health  of  a  city  or 
immunity,  and  it  frequently  happens  that  an  epidemic  follows  such 
in  occurrence,  and,  finally,  the  effect  of  damage  to  any  one  of  the 
itaple  crops  is  always  reflected  on  the  various  markets  of  the  world 
md  may  cause  unsettled  conditions  of  the  business  of  a  whole  country. 

PREVENTION    OF    FTTTTRE    I)AMA(JE. 

In  considering  this  phase  of  the  problem  streams  may  Ix^  divided 
nto  three  classes  and  each  class  treated  separately  in  accordance 
^'ith  the  natural  conditions  of  the  country. 

(1)  Mountainous  streams,  i.  e.,  streams  having  their  sources  and 
heir  courses  mostly  in  a  mountainous  country  where  the  jM^rcentage 
)f  rainfall  is  large  and  the  run-off  rapid. 

(2)  Arid-plains  streams,  i.  e.,  streams  that  head  or  flow  through 
m  arid  or  semiarid  plains  country,  where  the  precipitation  is  small, 
:he  evaporation  large,  and  the  run-off  small. 

(3)  Streams  flowing  through  a  comparatively  level  or  rolling 
country  having  a  humid  climate,  where  the  rate  of  run-off  may  be 
nther  rapid  or  sluggish. 

In  the  case  of  mountain  streams  forests  generally  equalize  the  rate 
3f  nm-off.  In  the  absence  of  these  recourse  to  storage  must  be  had  to 
equalize  the  flow. 
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In  the  case  of  plain?*  streams,  wheiv  tlw  water  Ls  ntvded  fur  irriga- 
tit»ju  till*  greal  prublein  is  ih**  shiragt*  of  tlu*  wiitor,  (tetie rally.  Iiai*- 
ever,  th(*  topograpiiy  is  mirh  that  it  is  Terv  difiictilt  to  find  n^nmr 
iitos  of  any  t'otisidcrahle  sr/A\ 

Vvi)\mh\y  ttie^  UHisl  practiciil  plan  for  the  partial  elimtDatioQ  o( 
Home  i>f  the  dangerH  fr our  floods  in  himiid  sections  of  the  ctmntir 
would  I.M*  the  eart^fiil  protection  of  the  remaining  forests  alon|;  ll>e§p 
streams,  the  refoi^^sting  of  the  Hoetions  of  tho  bottnni  hinds  reiithW 
worthloKs  by  reeent  floods,  tlie  enactment  and  enforc^jiient  of  Stat* 
laws  regulating  the  erection  of  bridges  and  preventing  an\^  encmarh- 
ment  on  tlie  natural  waterway  l>v  individuals  ur  ccjrparatious  niid 
the  tlredging  and  straightening  of  ri^er  channels  where  iiecessarr. 
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CACHE    LA    POUDRE   RIVER   AND    CROW    CREEK    Fl,OOD,ff 


PRECIPITATION, 


On  May  20  a  very  heavy  local  rainfall  in  the  southwestern  part  of 
Laramie  County,  Wyo*,  and  the  northeastern  part  of  Larimer  Coiuit?, 
CoUk,  caused  North  Fork  of  Cache  la  Poiidre  River  and  its  ivihn- 
taries  and  Crow  and  Ijont^  Tree  creeks  {which  join  Platte  River 
near  Cirecley)  to  be  in  destructive  flootl  on  the  nigJit  of  May  tiO  and 
the  foreiuKm  of  May  iiL 

That  the  area  over  which  heavy  precipitation  t>cc«nx'd  was  shihII 
can  Im*  approximately  seiMi  from  the  measured  depth  of  rainfall 
on  May  20,  given  in  the  following  table,  pre])ared  from  the  United 
States  AVeather  and  Crop  Service  report : 

I'rrripUotioti.  in   inrlirs,   in   Cf/Iorado  (iful    \Vf/(nnin(/,  190//. 


Pla.e. 


Cheyenne,  Wyo- . . 

Lariimie,  Wyo 

Greeley,  Colo 

Fort  Collins,  Colo. 

Boulder,  Colo 

Alford,Colo 

Grover,  Colo 

Denver,  Colo 


May  19. 


May  »>. 


May  21 


T. 


1.7:{  I  0.1» 

.15 ;        .": 
.09 ; 

.21  I 

T.  '  ■*''^ 

2.66  I 

.30  I 

T.  I  .01 


The  location  of  these  precipitation  stations  and  the  streams  in  thi^ 
locality  can  be  seen  from  fig.  14. 

«  From  reports  of  James  A.  Armstrong,  irrigation  engineer,  and  A.  J.  Parsball,  resident 
hydrographer. 
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FliOOD   ON    CACHE    I^V    POITDRE    RIVER. 

The  storni  appears  to  have  originated  in  the  Stonewall  MountainF4 
and  range  of  upper  foothills  at  the  head  of  North  Fork  of  Cache  la 
Poudre  River,  and  to  have  covered  Dale,  Lone  Pine,  Stonewall,  and 
Dry  creeks,  and  also  I^one  Tree  and  Crow  creeks.  It  Ixjgan  about 
noon  on  May  20  and  lasted  five  or  six  hours.  A  considerable  portion 
of  this  country  being  rough,  with  steep  slopes  entirely  destitute  of 


Fig.  14. — Draina^  haHinH  of  Caohe  la  Poudre  Klvor  ami  f'row  Creek. 

timber,  and  the  beds  of  the  streams  l>eing  very  steep,  the  run-off  was 
very  rapid.  Mr.  Armstrong  thus  describi\s  the  flood  on  the  Cache  la 
Poudre: 

The  flood  was  down  into  Livermore  almost  before  anyone  could  remove  any- 
thing out  of  the  way,  and  bad  it  been  in  the  night  there  would  probably  have 
been  a  great  loss  of  life  as  well  as  of  property.  The  flood  reached  the  main 
Cache  la  Poudre  early  in  the  afternoon,  and  was  augmented  by  floods  down 
Dry  Creek  and  Hook  and  Moore  canyons,  which  empty  into  the  main  Cache  la 
Poudre  below  the  mouth  of  the  canyon.  These  probably  added  as  much  more 
water  to  the  already  swollen  stream. 
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Thr  lUiod  WitA  iM  it^  hrl^ht  at  Port  roUln*?  Into  In  the  rtfteriKMjn  ^nd  wr^ 
«\t*niu)s'.  rt*iiiiilnit(t'  u]i  fn>m  hvii  jind  om*-!uilf  t^^  thr*M?  liours.  Frtim  Fitrt  roiiiqi 
tii  iiivii-J^^^y  tlu'  I'ivPf  h»K  lOH8  i^rtulf*  lluiLi  hi  fli**  liillpi  and  flit*  wat*^  tnivHml  iiifjn- 
kUiwI,v,  ^Ivhii^  lh*^  i«H)i>lo  |lsii*>  ti»  piv[mrp>  uh  tln^y  wen*  wtirtR<«l  in  ttaiiili*  tifu^. 
Ah  rlh*  lK>ni>iiJ  Irimlt*  urt*  (uui'li  wJdf  r,  the  llotHl  tiki  luit  re«i'U  ISreelcy  iintU  abM 
It  ft*  tir*  t>n  fho  mcii'ulTii;  of  Maj'  LM. 

Mr,  ArmsitroDg  e^iiiiiataH  the  maximum  rat^  of  tILHelmrgi*  at  Li^w- 
nioif  lit  5^0,(HXJ  ciibic  feet  pov  isiNrandt  and  state^f  that  this  flocxj  wi* 
the  greatest  in  at  len^t  fhirlv-ftnir  j^an^.  People  llWng  in  tht*  rallrf 
feitiL-e  l!^al>  declaim  that  this  fltKMl  was  1.5  feet  higher  than  the  gnsiT 
flood  (>f  18fl4, 

Tht'  loss  in  Larinier  and  Weld  counties,  CoUl,  conHitsted  niaiidy  m 
damage  U>  farm  j>nj|M*i"ty,  to  irrigation  ditchei^,  to  roads  and  bridge 
und  to  railway  pro|xnl>%  The^  are  ?iummari/-e<l  in  ihi*  fullimiii; 
table : 

tiftmuffr  frmn  f^arhf^  la  i*ttntltT  /f*w>f/  in  Vtttorado, 

Liirinior  ffliintj' : 

iloiaet*  mid  fanns.^ .^ ._.. ^ _^_ $fi2,  25d 

iJlEdiesi   -_, ,__- ^.^___,_^,., .^.     35.000 

firKids  and  brldgi» ,^^^^.. 50^000 

^1141.250 

Weld  Coooty; 

]lDm«>»  and  farms—. ^_ ^___ IS^  400 

Hrmdf«  and   brid^e^ - ' ^--       5,(100 

34,  *D  ; 

Unflrond  l)rldgefi  and  trae1s»  wasbed  out  Colorado  and  8otitlieni  and 

I'alfiri  I'aHfJr.  in  lM*tIi  tlie  abovo  CTSuutiei*,..- -__-^^- tZfflO 

Total  toss  in  tlipsif  Hvo  ii>iintJe« . , . ^     183,030 

FLOOD    ON    CROW    CRF:EK. 

The  storm  on  Crow  Creek  appeared  to  have  been  greatest  near  the 
junction  of  South,  MithUe,  and  North  forks,  alxMit  18  mik^s  west  of 
Cheyenne.  AVhen  visited  by  Mr.  Parshall,  two  days  after  the  storm, 
there  was  no  evichMice  of  a  heavy  storm  above  this  place,  while  l)elow 
it  on  every  side  were  seen  torn  fences  and  great  dei>osits  of  silt  ami 
debris. 

Mr.  Parshall  thus  describes  the  fl(H)d  at  places  along  Crow  Crei»k: 

AlK)ut  1)  p.  m.  on  May  20  the  residents  alonp  Crow  Creek  were  suddenly  con- 
fronted by  a  wall  of  water  several  fei»t  hijrli  extending;  across  the  vallej'.  vary- 
ing in  width  from  one-fourth  to  one-third  of  a  mile,  and  moving  with  great 
rapidity.  Tlie  resulting  damage  was  the  loss  of  the  lives  of  two  children  and  the 
destruction  of  a  considerable  amount  of  i)r()perty,  viz,  of  railway  and  highway 
bridges,  (Mubankments,  public  works,  and  residences.  The  first  alarm  at 
Cheyenne  was  sounded  from  the  city  pump  house,  a  substantial  stone  structure 
locateil  near  the  creek  in  West  Cheyenne,  its  ll(M)r  lK»ing  about  7  feet  above  the 
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bed  of  the  stream  and  about  120  feet  diRtaut  from  it.  At  9  p.  m.  May  20  the 
eiucineer  and  family  living  iu  the  house  were  warned  of  Home  unusual  occur- 
rence by  a  roaring  noise,  and  oi)ening  the  door  were  almost  simultaneously 
struck  by  a  wave  estimated  to  have  been  3  feet  high.  The  water  continued  to 
rise  for  about  three-fourths  of  an  hour,  when  it  reached  its  greatest  height,  bJi 
feet  above  the  floor  of  the  building  and  12.5  feet  above  the  bed  of  the  creek. 
Here  the  width  of  the  bottom  covered  with  water  was  nearly  one-fourth  of  it 
mile.  After  10  o'clock  the  water  gradually  subsided,  and  at  daylight  the  fol- 
lowing morning  only  a  swollen  stream  with  slimy,  wreck-strewn  banks  was  to 
be  seen. 

State  Engineer  Johnson  was  on  the  gi-ound  at  the  time  and  esti- 
mated the  discharge  of  the  creek  at  Cheyeiuie  to  vary  from  7,000  to 
10,000  cubic  feet  per  second  for  several  hours,  this  estimate  being 
based  on  his  knowledge  of  discharge  of  streams.  The  loss  caused  by 
the  flood  consisted  mainly  of  damage  to  railway  property,  the  Colo- 
rado and  Southern  Railway  Company  being  without  doubt  the 
heaviest  property  loser.  The  points  of  greatest  destruction  were 
between  the  junction  of  the  forks  and  Cheyenne.  Immediately  below 
the  junction  is  the  roadbed  of  the  Colorado  and  Southern,  lying  close 
to  the  stream  and  largely  constructed  on  embankments.  Farther 
down  are  the  filter  beds  of  the  Cheyenne  city  waterworks,  and  15 
miles  from  the  junction  the  city  of  Cheyenne,  where  the  creek  passes 
under  the  tracks  of  the  Union  Pacific  Railroad. 

The  bridge  at  Silver  Crown  station  (13  miles  west  of  Cheyenne) 
was  washed  out,  and  between  that  point  and  the  city  4  or  5  miles  of 
roadbed  was  washed  away.  The  destruction  was  complete,  scarcely 
one  rail  being  left  in  place,  and  where  the  embankment  stood  the 
creek,  when  the  storm  had  subsided,  had  in  many  places  cut  a  new 
channel. 

The  loss  to  the  city  of  Cheyenne  was  considerable.  A  portion  of 
the  dam  used  in  connection  with  the  filter  beds  was  washed  away,  the 
beds  covered  with  a  mass  of  mud  and  debris,  and  a  portion  of  the 
flume,  which  conveyed  the  water  to  the  locks,  was  destroyed. 

The  iron  bridge  which  spanned  Crow  Creek  at  Nineteenth  street 
was  wrecked  and  the  wooden  bridge  at  Fortier  Park,  Sixteenth  and 
South  Cheyenne  streets,  was  entirely  carried  away.  The  Union 
Pacific  Railroad  Company  lost  its  big  pile  bridge  over  the  creek  on 
the  Denver  line,  and  was  obliged  to  replace  a  large  amount  of  washed- 
out  embankment  near  the  city. 

Several  houses  belonging  to  the  poorer  classes  were  carried  down- 
stream and  many  more  were  flooded  with  water,  some  having  been 
twisted  around  upon  the  lots  and  greatly  damaged. 

The  loss  to  the  ranchmen  along  the  stream  was  not  as  great  as  at 
first  supposed,  for  while  many  fences  and  small  buildings  were  de- 
stroyed and  lands  covered  with  silt,  yet,  generally,  the  silt  had  a 
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l)pij(*ficial  uffwt  Upon  thv  land,  and  tht?  crop^  Inter  m  lb*?  ^#  i-jjl 
bhowt'd  n  marki^d  improvt'ineiit  over  tlurst*  uf  fortner  years,  A:j 
approximate  eistinmte  of  the  damage'  dune  along  tlik  cr^ek  \>^  itii 

Dftmriffe  from  Vrmc  Vreek  fioffd,  tMJ^. 

C'ol(U'jj4Ui  jiiHl  8fmt  berii  lift  J  hvuy  . .  ,^.^-^«,-, .,  f4i»,  <"■* 

City  of  ( 'Ueyoniit*  _..__, , .^^^,^^.-«- ,, __^^ ^ „_, ^ ^,    Ifi* i«i» 

IJuloii  Pwdac  Hailraad _. _. ^— *^. .-^__-..     Uuw» 

Ij^aJviauul    lf>«ses  _. , _.^ ^_.. - _._.     lOJ"' 


1 


Tf 


Total   -- „____,___. ^__.__-._^ 7^m 

PURGATORY    RIVER    FLOOD.ci 


Tie  largest  and  by  far  the  most  destLUCtive  flood  record«?d  in  the 
history  of  Purgatory  liiver  fji'curred  from  10  p.  m,  SeptemIxT  2^*  *o 
8  a.  m.  SeplemlK*r  MK  1*K>4.  All  the  city  bridges  in  Trinidad  were 
washed  away  or  badly  damaged,  the  city  water  supply  way  ciit  i^fl 
;by  the  destruction  of  the  ma  hi  pipe  line,  the  electric- light  plant  w:l^ 
disabled,  telephone  communications  were  cut  off,  and  railway  ^f^- 
ices  wen*  entii-ely  abandoned.  In  thret^  houi"^  public,  ]>rivate,  mni 
corporate  property  was  damagetl  to  the  extent  of  $Jir>OJX)0.  Xo  livis 
were  Inst,  an  almost  mirneulous  fact  ctmsidering  the  suddenness  am! 
magnitude  of  the  flotJil  and  its  occurrencse  in  the  night* 

STREAM  AND  DRAIN A0£  SASTK. 

Purgatory  River  rises  in  the  Culebra  Mountains  in  the  southwest- 
ern part  of  Las  Animus  County,  Colo,,  flows  in  a  general  nortliea^it- 
erly  direct  if  ki,  inid  joins  llu*  Arkansas  near  Las  Animas,  Colo.  Tlit 
drainage  basin  is  about  120  uules  long  and  from  'iO  to  40  mile?^  in 
width  und  com  jurist's  an  un^a  i>f  about  *^,-W>  square  miles. 

The  upper  and  mountainous  part,  lying  abcne  Trinidad,  has  an 
area  of  742  square  miles  and  consists  mainly  of  shales  and  sandstone.  / 
with  some  igneous  rocks.  It  is  carved  into  valleys  where  the  forma- 
tion  is  shale  and  into  canyons  where  the  formation  is  more  resisting. 
The  vegetation  of  the  lower  half  of  this  area  is  largely  cedars  and 
bunch  grass;  of  the  ui)per  portion  pine,  cedar,  fir,  and  the  usual  Colo- 
rado mountain  flora.  Ground  storage  of  rain  in  this  part  of  the  basin 
is  small  owing  to  the  steep  slopes. 

The  lower  part,  having  an  area  of  2,040  square  miles,  extends  from 
Trinidad  to  the  mouth  of  the  river.  The  soil  here  is  largely  decom- 
posed shale,  with  some  sand  and  limestones.  The  vegetation  consists 
of  cedars,  bunch  grass,  cactuses,  etc.  Surface  storage  is  small.  This 
is  a  characteristic  stream  of  eastern  Colorado^  heading  in  the  moun- 
tains, flowing  across  the  plains,  and  ciirrying  little  .water  except  dur- 

o  By  U.  I.  Meeker,  assistant  engineer. 
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iiig  floods.  It  is  the  principal  southern  tributary  of  Arkansas  River. 
In  the  spring  the  channel  carries  a  moderate  volume  of  water,  but  as 
simmier  approaches  this  is  gradually  diminished  by  irrigation  and 
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natural  conditions  until  the  channel  is  practically  dry.  The  volume 
of  water  contributed  to  the  Arkansas  by  this  stream  is  so  small  that 
it  has  scarcely  an  appreciable  effect  upon  the*  discharge  of  the  Arkan- 
sas, except  at  times  of  excessive  local  rainfall.    Its  flow  is  very  { 
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i^pniUr;  the  diBf!liargi»  iiitty  vary  fi*c*iii  a  few  jiSBcond-foet  to  9cvetil 
ihoustiud  iiL  a  few  hours. 

rRKCUPITATIU**. 

The  mean  annual   prvripitation  over  thit^  draiiiHjfi*  bnsiti  vim 
fioni  n\Hmi   V\  indies  tu^nv  thi*  nit>u(h  U>  nlnnil  2*\  inche*^  near  iht 
.Nturcis  tilt*  8i*i>teiulM'r  avt^a^t'  from  ^airre  to  lUiHilh  [H*iii^  fruni  abont 
1  ineh  to  1.2  inthaH.     The  follow in|^  table  ■*  gives  thu  depth  of  rainfill 
for  ftu^  month  of  St^ptemlxM%  19Q4,  at  several  places  along  Arkaiisi-^ 
and  Purf^utory  rivei-s: 
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.585          T. 

.91          .13 

1.10        1.49 
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J8        ■■ 
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aiitr      *i      ^ 
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.*»!        .4fi 

aia  1     2.1S .      .m      * 

TotftL„ 

£.4i 

£.84 

S.O0 

Lw' 

4.4. 

fl^TS 

5,»7       a» 

Depart  uro     from 

+3,  n 

+l,«i 

A  +101 

+3.W 

+6.n 

+4.31     H-LSi 

The  following  table  gives  the  daily  depth  of  rainfall  at  three  place?' 
in  this  basin  from  September  26  to  30,  1904 : 

Precipitation,  in  inctiea,  preceding  Purgatory  River  flood,  190^. 


Plac^. 

Eleva- 
tion in      Sept.  27.b 
feet. 

Sept.  28. 

Sept. ». 

Sept.  30. 

TotAl 

Trinidad 

6,000         0.18 
5,271    ...; 

9,500  1         .48 

1 

0.72 

.10 

2.03 

1.92 
3.00 
1.36 

3.18 
2.15 

5.95 

Hoehne . . .    .  

Clear  View 

5.25 
3.87 

«  Trepared  from  records  of  I'nlted  StatOH  Weather  Bureau. 
*  From  5  p.  m.  Sept.  26  to  5  p.  m.  Sept.  117. 
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e  location  of  the  precipitation  stations  along  Arkansas  and  Pur- 
•y  rivers  are  shown  in  fig.  15  (p.  159). 

September  27  a  moderate  rain  began  to  fall  over  the  .upper  part 
e  Purgatory  drainage  basin,  continuing  with  increasing  inten- 
until  the  evening  of  SeptenilKT  21),  when  it  became  exce.ssive. 
o  9  p.  m.  on  Septemlx^r  29,  4  inches  fell  at  Trinidad,  and  from 
hour  to  9  a.  m.  September  30,  2  inches  more  fell.  By  this  time 
torm  had  grown  in  extent  and  had  become  general  over  the  en- 
irainage  basin.  It  was  heaviest  along  the  southern  mountain 
•shed  of  the  Purgatory  above  and  below  Trinidad,  and  traveled 
y  from  west  to  east.  This  movement,  together  with  the  physical 
icter  of  the  southern  portion  of  the  drainage  basin,  accounts  for 
nmense  amount  of  water  which  arrived  at  the  mouth  of  the  Pur- 
y.  The  rainfall  of  the  up|KM-  tributaries  reached  Trinidad 
i5t  simultaneously  with  the  greater  portion  of  the  flood,  which 

into  the  Purgatory  from  Long  Creek,  about  0  miles  above 
dad. 

FLOOD   ON    PlTRGA'n)RY    RIVER   PROPER. 

7od  near  Trinidad. — Trinidad  is  located  in  the  narrow  valley 
B  the  Purgatory  leaves  the  mountains,  the  business  portion  of  the 

lying  along  each  side  of  the  river  and  the  residence  portion  on 
jr  ground.     The  slope  of  the  bed  of  the  river  at  this  place  is 

39  to  40  feet  per  mile,  and  the  sides  of  the  valley  are  steep, 
;  mainly  shale,  highly  eroded,  and  cut  into  well-rounded  quick- 
:  channels,  causing  the  run-off  to  be  very  rapid.  Purgatory 
"  at  Trinidad  was  not  carrying  more  than  the  usual  volume  of 
•  until  the  evening  of  Septeuiber  29,  when  the  very  heavy  rainfall 
d  the  river  to  risi»  very  rapidly.  Local  information  is  con- 
ig  as  to  the  exact  cause  of  the  large  volume  at  Trinidad.  Some 
3  residents  report  a  cloud-burst  alx)ve  the  city  in  the  river  canyon, 
«where;  others  maintain  that  the  origin  of  the  gi-eat  volume  was 
nereasing  heavy  downpour.  From  personal  investigation  Mr. 
er  was  led  to  the  ccmdusion  that  the  gi-eat  volume  was  due  to 
xcessiye  rainfall  of  a  few  hours,  following  a  constant  rain  of 
:» three  days  over  an  area  of  very  rapid  run-off. 

Weston,  20  miles  above  Trinidad,  the  Purgatory,  though  high, 
lot  overflow  its  banks.  Between  this  point  and  Trinidad  the 
ne  discharged  into  the  Purgatory  from  southern  tributaries  was 
itionally  large.  Local  residents  all  agree  that  Long  and  Raton 
)ns  discharged  an  immense  volume  of  water  on  the  night  of  Sep- 
Br  29.  This  large  discharge  from  southern  tributaries  indicates 
ater  rainfall  to  the  south,  which  is  corroborated  by  heavy  rainfall 
ds  in  northern  New  Mexico. 

IBB  147—05  M Jl 
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A  trustworthy  pyt*wiliM*!!vs  employed  tit  the  Cartleaas  Hold  it 
Trinidad,  desiTiU^s  the  flood  at  thi-^  phve  as  foUow^: 

The  rlvt^r  WHS  Ulgh  an  tbe  flft€<rtioon  and  evenlni?  of  H**f*Uiiiber  2!**  *iim1  rm 
¥iieti6[ly  during  tUi'^  efirly  iinrt  *4  \bv  uij^lit.  A1  11(1*  m.  tV  wnli^^r  U»y**l  w?m*rsH 
l.fj  fei>t  l)elow  tlii-^  hnvl  of  tlu'  rivt'j'  hniikx  ;iimI  :!l«mt  Ti  ft**?!  dt^t'ii  In  ttw*  <kmaiwl 
Shortly  after  this  time  tht*  rh'4*r  rot*o  nijjUJIy,  iiJiU  l^v  "I-l^M  ti.  m,  %v.*i^  jit  (In  hifh**« 
KtJig(\  being  *Z  fe^t  deen  on  ilic*  Inwti  <ir  itu"  ''4inli:*nrtH  iliitt*]  antl  witiiin  Ti  ludits* 
of  tl*e  hotel  flotjr  Tbln  strife  of  the  riv**r  IjinIihI  until  hIkiiU  4  n,  nu  when  It 
l>e^an  to  fait.  Hy  H  a.  au  on  Ht^pteiut^er  m>  the  river  wti^  ai;:ata  wlUUn  it»  bitiil^ 
»ad  wiiH  rapidly  t*t*i'tHliu|t, 

At  the  Atrhison,  Topoksi  and  Sunt  it  Ff  RiiilTvay  stHtion.  s^own  in 
PL  XV,  the  sxaU'V  iTHched  a  dt^pth  of ;]  fin^t  on  the  platform. 

Iji  liiriv  hours  $^^50,000  woith  t»f  propinty  was  ch'^lruyvd,    Ot  ih 
five  street  bndgf.s  and  two  railway  bi'idg^si  fonr  wi*n^  Hwept  entii^h 
away  niid  others  wore  badly  dnnmged.     Several    briek   and  blom^ 
striirtiin*s  adjut*ent  to  llu*  rivor  \\vi\y  tlcstnjyt^h    Tlir  supply  iiiiiiiit^f 
the  city  water  ntiyiply  wan  earric^d  dowusti*eani,  thuB  diHabhajjr  tJx 
services     All  the  railroads  suffered  bniivily  in  yard  tracks*  bridip*^- 
anii  roa<ltHHls,  InMiig  roiHplett*ly  iied  up  for  twenly-foiir  huiirs    Ih- 
eiitiR*  lower  f)ortiou  of  the  city  wa.s  f^ijbnunged  for  mnw  hours*  btin^ 
fltMuled  to  a  de|>th  of  from  Lfi  to  "J  f*H.^t.     A  large  stn-l  briilgt*  lx*lofjg' 
ing  to  tlie  Coloradti  untl  SraJtheni  Uailway  was  rarrivd  dtiwiistn^am 
250  feet  and  half  buried  in  Hand  and  rtxrkt^.    The  piern  wen?  over^ 
turned  and  forced  out  of  the  river  bed,  taie  of  them,  5  feet  in  diameter 
and   concrete  rilled.  l>eiug  entirely  destroyi^d     The  <*ity   bridge  nt 
Comnieirial  street,  u  steel  structure  on  masonry  piers  aceommtNirtt 
ing  an  elerlrir  railwuy  in  m  hi  it  ion  to  road  and  foot  ways,  was  earnH! 
one- f  on  rib    mile   dirwostrram   and    iTcluced    to   a   shapidess   iriiis^  <>f 
tAvisted  steeb     The  losses  in  the  vicinity  of  Trinidad  may  be  sun^ 
nmrized  as  follows; 

Lt}^)tvif  fn.iifi  Pttnjatfifj/  Rtvvr  ffnud  iJf  Trini4a(f,  Colo.,  ^eptfmber,  JflOi 

CeriHirutioa  pri">}>eHy : 

Al^'hls^oa,  To]H?l*a  nnd  Snatrt  Fe  Kailway,^ , .-  ^70^000 

<.'oliirad(^  and  SiaithtTa  UalJway _.,_  25,001) 

t\ilt>radfi  ninl  WymaVrn;  Uall\vay^^ . 18,000 

iMnwr  and  lti*i  (Jriiiaio  Railroad ^^-^-^^„^_ 30.000 

Otta'r  iia'i Miration  in'ojHa'ty.  iilnail  unt^hair  of  wblcb  was 

at  Etiu<jro__, ,__,__,__„ ^— ^.^^-  17;or)i> 

rublic  property  : 

New  bridges  and  repairs  to  bridges 50,  (KK) 

Straightening  cbannel.  etc- 25,  aX) 

General 25,000 

100,  im 

Private  property : 

EstiniattHl 00,e<H» 


Total 350,000 
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ATCHISON,  TOPEKA  AND  SANTA  FE   RAILWAY  STATION   AT  TRINIDAD.  COLO., 
AFTER  FLOOD  OF  SEPTEMBER.   1904. 


B     VIEW  SHOWING  FAILURE  OF   DAM   NEAR  SCOTTDALE.   PA. 
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PURGATORY  RIVER  FLOOD. 
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i  old  resident  who  came  to  Trinidad  in  1802  states  that  at  that 
the  channel  of  Purgatory  River  was  narrow,  not  over  80  or  40 
in  width,  and  that  it  has  increased  in  width  each  vear  since  that 


A  flood  occurred  at  Trinidad  in  Xovomber,  18r>0,  and  since  that 
there  have  Ixhmi  two  large  tt(K)ds  at  this  place,  the  exact  dates 
volume  of  discharge  of  which  could  not  be  ^ecvvv^d,    Ci\sk  ^^-^ 


104  i>KHTRrTt  rivK  rumvg  tk  united  stated;  ik  looi, 

timn  any  piwiou>^  om*.  Tlir  i  luin^t^s  in  i\w.  vhmnwl  in  thi*  vicinitYftf 
I'rinifliul  c^nNcnl  by  the  liKM^  iUaui  ar**  nhowii  in  PI,  XVL  Tlic 
iiTBu  snhmorpH]  tluririjr  tfjc  (1*hhI  iuh)  a  vn*s^  M'ctiaii  of  iht*  J*fnaj)i 
iinir  thr  Aniirias  Stref^l  Hndt^  nrv  iAiuwu  in  lig,  Iti. 

Tht*  nmxjrruun  dis(4mrgt*  of  the  riv<*r  at  Tnnitliul  wwjs  <HmipiJi*'<] 
by  tlio  iLse  of  KiUttrV  foniiitlii.  A  st*rtion  wa??  Hcleetefl  jnt^t  Mot* 
thi*  Aiiintas  SUvi/t  Iiri*lgi?,  when*  tbt«  t^umnt*!  in  «ppn>ximati4) 
fstraifjbt  and  tlit'  dnin^i*  in  il  niiLsei]  hy  tlit^  Hmnl  foin|mnitivi*ly  siuafl. 
The  U^tl  Iwre  is  I'orniKHec]  of  wand,  ^frnvc*l,  itnd  n»!>ble.s»  The  l>auk» 
an*  nminly  cif  <-arUi,  with  a  ftnv  troes,  and  in  platv^H  it  is  jiroh^^ld 
with  riprap  or  piliTi^.  'I'ln*  old  Unititl  Stat<^  (n»olojErical  Siuvov 
pip^  on  y]\v  AriinLa^  Stivi^t  Brid^r  hIiowihI  a  maxiiniiin  jva<lin|r  dar- 
ing  thin  fltMHl  of  Hi.i;  ftH*t*  TIu*  slope  of  the  river  whb  nieamiH^d  wifl) 
a  Irvtd  fi>r  a  distance  of  about  TiiKl  firt  iiliovt*  and  Ih'Iow  thi^  se^-rinu 
and  fi»uiitt  t<i  J  Ml  alMHit  H7  fen*t  to  the  mile.  The  area  nf  4*roK!*  ?<pdioTJ 
iii  2*670  squaiv  fi^*t,  wettetl  [arrifneter  "iiri  fivet*  hydraulic  radiuu  SlTl 
fc*<^t,  atid  the  cm*fficicnt  of  rough ne^n  was  taken  ar^  (UWn  Tlii*  ramn 
velocity  was*  foiind  to  U*  HLOl  fei?t  per  st^md  and  the  db*dwir)£^ 
44,Bt^i  cnbic  feet  |H^r  we^-ond*  The  estimated  vt^louke  of  w»i**r  aol 
intdndt^d  in  thiJ^  stictiiui,  pa*ssin^  on  the  right  and  left  bankh,  is  hl'K' 
hecond-feet:  the  ntaxininni  rate  of  (low  was,  there  fore,  45,4*2-^  rubic 
feel  |H*r  ?^'eond.  The  mean  nite  of  ihwv  from  Sej)teniiM*r  *JS  to  Odi>^ 
iK'r  2.  incbisive,  was  p">,(M>1  i-nbir  ft^el  pel-  s^u'ond*  and  the  lotal  up(>nL\i- 
mate  discljargi'  r»<MMK)  aetv*feel.  Tliis  resiil(  is  haj*d  npoii  deptlH'f 
water  in  river  from  September  'J8  to  October  2,  as  given  by  Uh-hI 
residents. 

Tlie  detailed  estimated  discharge  from  Sept emlxT  *2H  to  OctoU'i*  *-i- 
Hiclusive,  was  as  follows: 

Disrhtinjc,  in  .sccoml-fcct,  (if  I'lirtfutorf/  h'trrr  at  Trinulutt,  VoUk,  1l)U.\. 

Scptcnibor    2JS l.^*'** 

S<M»t«Mnbi>r    21) 5,ril^ 

S(»|»toinbor   .">(> ir»..'>^' 

OctolHM-    1 1.  2.  <»**•* 

Ortoher    '2 T^* 

On  October  :^  a  discharge  measurement  was  made  from  a  temporary 
footbridge  at  Connncrcial  street  and  the  discharge  found  to  be  27^^ 
cubic  feet  p(4*  second. 

Flood  hclotr  Tvhndad, — From  Elmoro  to  the  mouth  of  Purga^ 
torv  Canyon,  a  distance  of  28  miles,  the  valley  widens  and  is  occii^ 
pied  by  farms  and  ranches  on  either  side  for  the  entire  distance- 
These  randies  were  injured  to  a  consideiable  extent.  Fences  and 
hay  were  washed  away,  cattle  and  hogs  drowned,  and  minor  dam- 
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5  sustained.  The  loss  to  famiei's  in  implements,  crops,  etc.,  is  esti- 
ed  at  $25,000. 

records  in  the  possession  of  the  Atchison,  Topeka  and  Santa  Fe 
Iway  Company  show  that  previous  floods  required  approximately 
nty-four  hours  to  j)ass  fnmi  Trinidad  to  Las  Animas.  The  flood 
Octol)er,  1S)04,  passed  over  this  distance  in  from  nineteen  to 
nty  hours.  Fortunately  there  was  only  a  small  amount  of  water 
he  Arkansas  above  the  mouth  of  the  Pur^itory;  otherwise  the 
d  of  the  lower  Arkansas  would  have  Ikhmi  nmch  more  destructive. 
'■  Santa  Fe  road  from  Holly  to*  Las  Animas  was  c(miph»tely  tied 
for  seven  days. 

'he  flooil  of  ()ctol)er  1  was  the  <jfreat(»st  on  record  on  tliis  stream, 
i-esidents  declare  that  it  was  *2  feet  ^reat(M-  tlian  the  flood  of 
5. 

'he  following  statements  concerning  the  flood  of  1875  are  taken 
n  the  I^s  Animas  I^»ader  of  Sej)temher  IS  and  25,  1.S75: 

1  Septoml)er  1<>  a  rush  of  water  came  down  Piirsatory  Uivor  at  I^as  Animas, 
.  The  water  was  5  feet  liijcher  tlian  at  any  previons  time  tliat  year.  The 
ilson,  Toix»ka  and  Santa  F>  Railway  Company's  tracks  were  under  water 
one-half  ndle  on  each  sid<»  of  the  I*iirgator>',  the  bridge  being  .'{  to  4  fwt 
»r  water.  At  Fort  Lyon  the  water  was  4  fc»et  higher  than  ever  known 
re.  The  l>ottom  land  iM'twinni  the  bridge  and  the  i)ost  trader's  (a  di.stanet* 
tirec»-fourths  of  a  ndle)  was  a  swift,  raging  rt<MHl.  Up  the  I*\u'gatory  con- 
rable  damage  was  done,  the  greatwt  loss(»s  lK»ing  of  eord  w<mmI,  staeketl 
cattle.  fen(t»s,  and  adolK*  h<ms4»s.  The  Arkansas  alM)v<»  the  month  of  the 
catory  was  also  in  flocnl  at  this  time,  there  lK»ing  reiM)rts  of  damage  as  far  np 
•uehlo.     The  .Vpishapa  brought  in  a  large  amount  of  this  water,  and  the 

I  height  was  the  highest  in  fiftwn  y(»ars. 

PrK«ATf)KY    FUM)D    ON    THE    ARKANS.XS. 

7ood  in  Colorado, — On  the  Arkansas  th(»  lower  bottom  lands 
e  entirely  inundated  from  the  month  of  Purgatory  Kivcr  (o  (lie 
orado-Kansas  State  line.  As  a  flood  at  this  season  of  the  yeir 
;  unexix»cted,  both  the  Atchison,  T()[)eka  and  Santa  Fe  Kailway 
npany  and  the  farmers  wcmc  entirely  unpre|)ared  for  it,  and 
damage  done  was  much  greater  than  it  otherwise*  would  have 
[1. 

rom  Fort  Lyon  to  Holly  the  water  covered  all  the  lower  bottom 
Is,  and  from  Caddoa  to  Lamar,  where  th(»  bottom  is  narrower 

II  above  or  l)elow,  the  waters  reached  from  bin  ft'  to  blulF,  a  distance 
yin^  from  three-fourths  to  1  mile  in  width. 

Lt  the  Colorado  and  Kansas  canal  dam,  1  mile  east  of  Martin,  the 
i*  keeper  was  compelled  to  swim  his  hoi^ses  out,  so  rapid  was  the 
of  the  water. 


KJrt  DKSTHUCTIVE   PWODS   IN    ITKItEb   ST' ATM    IN    \(m,      [milt 

At  Powers  the  waiter  ^xnt^  *IJ^  fvvi  dci^p  on  the  level  in  pliu^  \n\ 
cacii  ^'ulv  of  (he  AtcliiKou,  Tc>jK*ka  and  Santa  Fe  Kailway.  and  th? 
r<^siilentH  w**re  i-oujiKdlefl  lo  tiila^  ivfn^e  on  hou?**?  tops  and  in  ire^ 
fHogs,  fK»t*s.  pini It ry,  n\u\  enttlt^  in  lurp^  numU^n^  weiN?  dmwiKHl,  an<i 
.thoHHiinds  of  tons  of  nlfnlfa.  were  deslmyed  by  the  wrtier,  whlrh 
renehed  an  avrni**;!*  height  of  *i  foet  on  liie  stacks.  The  Amity 
tuiuul  liniN,  \vliit4i  is  just  Ih^Iow  Powefw,  was  danisi^d  K»y  the  flmxl 
ii>  tht*  extent  of  $'jr),(K)(>;  the  nf>t'oii  was  prHeli<*any  off  the  dwm  ut 
the  tirni*,  anil  tlu*  terrifie  furee  of  the  ciiri^ent,  avigiinaniUHf  br  iht 
fontraeti'id  river  eluninel,  hatl  fitn.*  aeees^s  to  tlie  foniidations  (^im- 
|det<*lv  swiH*pin^'  thi*  danj  away  Imtwt^eji  crib  No.  1  on  tlie  north  antl 
[pier  No*  2,  si  <Hstanee  of  IG^  fe*.^t. 

At  Laniais  where  the  river  channel  is  at  the  north  of  th**  to^^n,  lbs 
river  wa*^  about  ii  miles  in  width*  If  it  hud  risini  another  ftx>t 
the  l«»wn  of  I^irinir  would  huve  bi'en  flotwled*  Tht^  dncnHgi*  in  thi* 
n'ieinity  was  largely  to  alfalfa  ?=ieed  hay,  whieh  was  stiicke*!  in  tii^ 
bottoms  rra  dy  for  thm^slung,  ami  to  ntlwv  f<ii"age  and  eat  tie. 

The  Salvntion  Artny  eolony  at  Amity,  located  in  a  txittoiu  lev<*l 
'wilh  (hi*  rivrr,  suffered  more  sincerely  than  any  othrr  scttleiinml  i" 
till*  valley.  The  eutii*e  settlement  was  inundated  and  tlie  total  dinii- 
II  jr^'  lu^avy,  H 

Farther  east  the  danni^e  was  small,  as  the  river  dninnol  is  a  kr"*^ 
filuftin^  l»ed  of  saud.  nnd  the  ranehes  an^  scattered   and   wHI  hu**^ 
from  the  river. 

All  brid<]:es  over  the  Arkansas  from  the  mouth  of  the  Purgratofy 
to  (\)(>li(l*i:e,  Knns.,  inehisive.  were  l)adly  damaofed  exce|)t  the  stet* 
structure  at  (iranada.     The  tracks  of  the  Santa  Fe,  wiiich  parall*^" 
Arkansas  Kivcr.  weiv  l>a(lly  (lama<j:ed.     At  the  east  end  of  the  \/a^ 
Animas-Sauta  Fe  Uailway  Hrid<i:e  across  the  Pur^fatory  the  fliMxl  cu  ^ 
away  100  feet  of  roadbed  and  earth  l)auk,  which  was  protected  witl^ 
^tonc  ripraj)  work  i)laced  on  <ri'dla<^e.     The  overflow  from  the  rivei^^ 
channel  carried  "11  miles  of  rail  and  ties  off  the  embankment  and  l)adly 
(lama<i:ed  -J  additional  miles  of  roadbed.  cuttin<j:  out   the  ballastin*; 
and   the   un(lerlyin<i:  eml)ankment,   aIthou<i:li   the   track   renniined   in 
plac(».     This  dama*j:e  from  overflow  Ix^ifan  a  little  west   of  C'addoa 
and  extended  to  a  point  about    1   mile  east  of  Powers,  the  greatest 
dauui^ifc  Ix'iu;:!:  done  in  the  vicinity  of  Martin. 

The  Atchison,  Topeka  and  Santa  Fe  Kailway  bridge  across  the 
Ai'kansas  a  short  distance  east  of  Byi'on  was  so  badly  damaged  that 
al)()ut  two-thirds  of  it  liad  to  l)e  rebuilt. 

The  losses  in  Arkansas  Valley  in  Colorado  are  estimated  as  fol- 
lows: 
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Damage  by  flood  in  Arkansas  VaUcy,  in  Colorado,  1904. 

EMxblic  property : 

Repaint  to  bridges  and  roads  from  mouth  of  l*urgator>'  to  Colorado- 

KaiUMiH  line  estimated  at $50,000 

E^rivate  pmporty: 

Damages  to  meadow  lands,  fences,  hay,  cattle,  etc 100,000 

Corporation  property : 

Atchison.  Topeka  and  Santa  Fe  Railway $7r>.  000 

Dam  and  canals  in  valley 25,000 

100.000 

Total   250,000 

There   is  a   gaging  station   on    Arkansas   River,   about   5   miles 

upstream  from  Powers,  Colo.,  and  al)out  1  mile  east  of  Martin,  at 

the  dam  used  to  divert  the  water  of  the  Arkansas  into  the  Colorado 

and  Kansas  Canal.     During  the  flood  the  water  reached  a  height  of 

about  8.8  feet  on  its  crest.     An  earth  dike  extending  about  500  feet 

from  its  north  end  was  washed  away  by  the  flood  and  about  185 

feet  of  the  crest  so  injured  that  its  elevation  cm  the  left  side  was 

about  0.22  foot  lower  than  before  the  flood.     High-water  marks  of 

^his  flood  were  secuivd  from  lines  on  north  and  south  abutments 

^hich  were  not  entirely  submerged.     At  the  south  abutment   the 

flood  reached  8.15  f(^t  above  the  crest;   on  the  north  abutment,  8.9 

feet.     The  greater  height  was  probably  due  to  the  fact  that  the  main 

current  was  near  this  end  of  the  dam.     On  account  of  the  iri'egidari- 

les  in  the  crest  of  the  dam,  8.8  feet  is  considered  the  maximum  height 

^  tlie  flood.     Mr.  W.  H.  Houston,  gate  kee|)er,  reports  that  the  river 

®SH.n  to  rise  al)out  12  o  cloc^k  midnight,  continuing  gradually  until 

^-   m.,  at  which  time  the  water  reached  the  floor  of  his  hous<>.     The 

^^Ximum  stage  was  ivached  about  9  a.  m.  and  lasted  al>out  one  hour. 

*>^'  river  then  began  to  recede  and  at  8  p.  m.  the  gage  registei'ed  4  feet. 

The  flood  at  this  place  reached  from  bluff  to  blufl^,  a  distance  of 

yH>ut  4,500  feet.     It  is  difficult  to  calculate  the  discharg<»  at  this  sec- 

^On  on  account  of  the  large  area  of  overflow  and  its  varying  slope 

^^d  roughness  of  bed.     The  maxinuun  <lischarge  of  the  flood,  com- 

C^^ted  by  Kutter's  fornuila,  was  found  to  be  from  (>5,()00  to  75,000 

^Hbic  feet  |x»r  second:  of  this  volume  about  88,000  cubic  feet  passed 

^Ver  the  dam  and  from  27,000  to  87,(K)0  cubic  feet  on  either  side.     In 

^Vle  computations  of  the  volume  of  water  passing  around  the  dam  the 

Average  slope  of  the  river  bed  in  tliis  vicinity  was  assumed  to  l)e 

^-lightly  less  than  that  of  the  river  chainiel,  0.001  being  used.     The 

^H)efficient  of  roughness  n  varied  from  0.080  to  0.040. 
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Tho  gage  lioight  at  this  s^tHtion  during  the  fiootl  and  the  corr^poiiJ- 
ing  disehiirgt'  ovvr  tln^  tliim  ari^  as  follows: 

}0^ffc  h€tight  and  ttiMi'hnrfff  on  ArkQn»a»  Rivpr  at  Vol&ra4o  mn4  KunsisM  CnHi 
4um,  Septsiuht^-  Mi  to  Oetnbrr  J.  /.^«f 


§  September  tJ0 
SepteioVjer  W 
October  I  .^^^  * 
Octobers..... 
Ot tuber H   ._. 
October  4  . 

tTutul 


Th^  fHsrhargo  of  tho  sirpams  from  SeptemlMM*  HO  to  OctoinT  4, 
liiirhisive,  us  cuinputi.nl  frtmi  the  alxjvt*  gag*.'  heiglitN  whs  H7/JtH>  acn*- 
liM^t  |>aHsing  ovi^r  tlie  dmw  jiihI  2ti/KM)  nri^-fiM*t  passing  arwuud  tb 
Idum;  tutaL  Km.rjtMJ  a*  n-f«^4. 

Ttio  iurr«*as<*  at  (K>vv  nt  tins  plaro  Xa  twico  that  at  TrhiidaJ  wa5 
due  to  the  water  fmm  tlie  ibniinage  of  southern  Irihntaries  entpriii|: 
below  Trinidad,  large  volumes  entering  from  Rule,  Caddoa,  and 
Muddy  ereeks.  There  was  piactically  no  storage  of  any  of  thi^ 
water. 

Flood  in  Kaunas. — The  flood,  as  it  moved  down  Arkansas  River, 
was  gradually  al)S(>rl)ed  hy  the  sandy  bed  and  banks,  l)eing  thus  c-on- 
siderably  redueed  in  volume  and  destructiveness.  The  highway 
bridges  at  Hart  land,  I^incoln,  Ingalls,  (Jarden,  Dodge,  and  Kinsley 
wei'e  damaged,  short  sections  of  these  bridges  in  most  eases  l)ein? 
carried  out.  Wny  little  damage  was  done  to  crops  ahmg  tiie  river. 
as  it  did  not  overflow  in  cultivated  portions  of  the  valley. 

The  following  table  gives  the  mean  daily  gage  height  and  cor- 
responding discharge  of  the  river  at  Syracuse*,  Dodge,  Hutchinson, 
and  Arkansas  City  during  this  fhuxl,  also  the  total  volume  of  thi^ 
flood  at  these  places: 
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ieight  and  discharge  of  Arkanftas  River  in  Kansas,  October  1  to  I't,  190 fi. 


Byracuae. 


J_ 


Dodge  City. 


Hutchinson.        |     ArkannasCity. 


Mean  EHs- 

]     K»«re  !  charge 

I   height  .in  second- 
in  feet,        feet. 


rl.- 

r2-_ 

r3.. 

r4_. 

r5._ 

r6.. 

r?-. 

r8.. 

r9.. 

rlO. 

rll 

rl2- 

rl8 

rl4. 


6.75 
7.00 
5.70 
4.70 
3.80 
3.70 
3.70 
'3.50 
3.50 
3.50 


18,690 
21,300 
10,610 
4,575 
1,250 
1,075 
1,075 

7a') 

7^5 
785 


Mean    {      Dis-      i 
gage     !   charge 
height    in  second- 
in  feet,  i      feet. 


Mean 
.gaj?e 


Dis. 
chai^ire  ' 


Mean 
.gage 


DiH- 
char^e 


_L 


height    inseoond-i    height    inHeoond- 
in  feet.         feet.  .      in  feet.         feet. 


6.75 
6.26 
4.50 
3.90 
3.40 

2.40  I 
2.25 
2.20  \ 
2.10  , 


15,010 
13, 175 
7. 125 
5.085 
3,625 
2. 220 
1,325 
1,120 
1,050 
910 


I 


3.20 
4.80 
3.90 
4.30 
3.90 
3.65 
3. 50 
3.25 
3.30 
2.60 


2,500 
8,000 
4,425 
5,965 
4,425 
3,695 
3.275 
2. 625 
2, 750 
1,300 


>tal..  . ... 

low  for  10  days 
?et  for  10  days 


60,930  ...  ... .150,645  :^,960 

6,093  5,064  3,896 

120,824    jl00,419 77,258 

I  i 


7.30 
6.90 
6. 50 
6.20 
5. 80 
5.30 
5. 10 
4.90 
4.60 
4.40 


400 
590 
S.-)0 
350 
725 
075 
8:^5 
610 
300 
125 


27, 860 

2,786 

55.246 


the  120,824  acro-feet  that  passed  Syracuse,  Kans.,  only  r)r),24(> 
eet  reached  the  southern  border  of  Kansas  at  Arkansas  City. 
5  more  than  half  the  entire  flood  volume  was  absorlx^d  in  its 
^  through  Kansas. 

naffe, — The  total  damage  caused  by  the  flood  in  (Colorado  and 
IS  will  approximate  clost»ly  $050,000. 

LA  PLATA  RIVER  FLOOD,  COLORADO.'' 

October  0,  1904,  a  storm  occurred  on  La  Plata  River,  a  tribu- 
►f  the  San  Juan,  that  caused  the  greatest  flood  along  X\w  middle 
)wer  part  of  this  valley  since  188*2.  This  stream  and  the  storm 
ire  shown  in  fig.  17.  In  the  vicinity  of  the  mouth  of  the  La 
the  storm  began  at  alx)ut  1  p.  m.  ()ctolx»r  T),  traveling  veiy  rap- 
ip  Jewett  Valley  through  the  "  Meadows,-'  reaching  Navajo 
gs  at  1.15  p.  m.  and  La  Plata  and  Pendleton  at  1.80  p.  m.,  in- 


•  Prepared   from  report  of  Mr.   Theo.   Toblsh.   fleld   assistant. 
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vrmmng  in  fury  as  it  U(MiI  nurtli.     At  IViHlleton  from  L50  to  3  p, 
the  storm  was  at  itK  height,  thi^  raiu  nmiiug  down  in  very  ht^ati^^  gw^i 
at  intervals  uf  ulmiit  leri  miniitos,  and  at  2  oVkH'k  and  thenMifter 
firro;n]janiiHl    hy   hruvv    hailstones,   which   arenmiilattul    at   varicmsj 
planMs  to  a  di^ptli  of  H  ineha'*.     During  tho.si»  two  honi-s  the  priori piti- 
lion  vva>!  about  1  inch. 


Fi«5.    17.  —  I>niIna>:;o  basin  of  La   Tlata   Klvor  and  area   of  heavlost   rainfall  on  0<•to^»e^  S, 

l!)n4. 


Tho  heavy  slope  of  the  valley,  combined  with  a  large  amount  of  run- 
off, caused  the  river  to  begin  to  rise  very  rapidly  at  8  p.  m.  It  contin- 
ued to  rise  and  fall  several  feet  in  half  an  hour,  as  the  canyons  above 
discharged  their  water.  At  4  p.  in.  it  had  reached  its  niaxiniuni  stage 
Jit  Pendleton,  passing  over  the  floor  of  the  highway  bridge  at  a 
depth  of  *2  feet.     At  5  o'clock  the  rain   ceased  except  for  a   light 
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izzle,  and  the  river  fell  very  rapidly  until  7  p.  m.,  when  another 
a\y  shower  fed  the  river  and  in  about  fifteen  minutes  caused  it  to 
e  to  the  approaches  of  the  bridge.  This  shower  continued  for 
3ut  two  hours,  when  it  moderated  and  settled  into  a  steady  rain 
it  lasted  until  4  oVlock  the  following  morning.     On  Friday,  Octo- 

•  7,  there  were  no  heavy  rains,  but  a  light  drizzle  fell  until  the 
ning,  when  another  shower  occurred  lasting  about  four  hours, 
this  time  the  fury  of  the  storm  had  spent  itself,  although  in  some 

alities  in  the  northern  part  of  the  valley  there  were  unimportant 
\\t  rains  on  October  8. 

The  river  remained  at  an  extremely  high  stage  for  two  hours,  and 
s  at  flood  stage  for  thirty-six  hours  after  the  beginning  of  the 
rm. 

The  maximum  discharge  of  this  stream  near  Pendleton  was  com- 
bed by  Mr.  Tobish  from  Kutter's  formula.  The  natural  width  of 
•t  channel  at  this  place  is  about  80  feet,  but  the  water  overflowed 

*  banks  and  had  a  width  of  205  feet.  The  bed  proper  is  composed 
bowlders  and  stone,  but  the  overflow  portion  of  the  section  is 
ckly  covered  with  willows.  The  sloj^e  was  found  to  be  0.0052,  the 
^.a  1,176,  and  wetted  perimeter  280.  From  these  data  and  *the 
lue  of  w=0.(MO,  the  mean  velocity  was  found  to  he  7  feet  per 
ond  and  the  maximuui  discharge  8,232  cubic  feet  per  second, 
le  discharge  was  also  measured  at  three  other  places  along  the 
earn,  but  the  channel  conditions  were  so  unsatisfactory  that  the 
ults  were  not  considered  reliable. 

^luch  damage  was  done  in  various  ways  by  tlie  stonn,  the  hail 
itroying  the  fruit  crop,  which  was  nearly  ready  for  market,  and 
'  flood  damaging  to  a  considerable  extent  the  reservoirs  and  irriga- 
n  ditches.  It  is  claimed  by  some,  however,  that  the  benefits 
•ived  from  the  irrigation  of  the  farms  along  the  river  will  nearly 
set  the  damage  done  to  the  fruit.  The  estimated  damage  in  the 
ley  to  orchards,  crops,  and  alfalfa  seed  is  alH)ut  $7,500. 
The  greatest  damage  done  by  the  storm  was  to  the  reservoirs  and 
igation  ditches,  all  the  former,  excepting  the  Johnson  and  Conger 
ervoirs,  being  destroyed.  This  destruction  of  the  reservoirs  is 
ieved  to  have  been  due  almost  entirely  to  faulty  construction,  the 
mdation  for  the  reservoir  walls  not  having  been  properly  prepared 
1  the  walls  themselves  not  having  been  properly  constructed,  the 
th  being  merely  dumped  in  place  without  being  wetted  or  packed, 
other  cause  of  failure  was  the  fact  that  little  or  no  attention  had 
n  given  to  the  proper  size  of  the  spillways. 

sixteen  irrigating  ditches,  having  lengths  varying  from  1  to  7 
les,  were  damaged  by  amounts  varying  from  $50  to  $750  each,  the 
al  (estimated  damage  to  ditches  alone  l)eing  $2,850. 
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W    FljCXmi!*  DITE  TO  FAIMTRB  OF  I»AMS  AXD  BESUBVOIR 
■  WALLS, 


By  K.  (V  MmrnY. 

ORKEEAE.  UTATf^lMKNT. 


Floods  of  this  eharftct^r  diirini:  the  past  year  hare  been  q# 
1riinnt:rons,  biif  tlu'  only  nuv  tliiit  ain  W  destrilxHl  in  this  pajHTisthf 
till  I  u TV  of  an  enrtli  tlnm  in*ar  S4*tjrttliilr%  Pa.  l>i*si^ription  ar  mm' 
tion  nf  fnilun*  of  other  similar  structure  dunng  the  year  m%yhe 
Smiini  ill  t*ngiiit*f*rin^  joynialss** 

.HI ^TiThAliH  if/ion. 

The  Srottdnle  Vulley  ttmnl^  wliich  urnirred  July  7,  1904.  wasdiif 
to  tlio  fsiiliirt*  of  iin  t'arth  dam  Hitimted  on  Jacobs  tVeek*  a  few  mil^ 
iibovt*  Setjttdule,  Pu.     Tins  vvwk  risi*s  in  west</ni  IVinisyIvtiinii.rtf»^ 
fioiithwi^t  and  W(ij4  a  distance  of  about  ^i  inile*^,  and  t*niptit^  JS^ 
You^hio^bcny  Kivrr  nlnnti  IS  nnleH  sunthcast  oi  MrK*H*sporL  ?a. 

Tht*  tbiin  \va^  70  Uh'\  lii^jli,  Iniil  a  hip  width  *»f  1:^  fwt.  a  pmUJf 
iCortw  and  lx)th  faces  paved  with  stone.  It  \\n^  built  in  H>01  and  wis 
owikhI  liy  thr  Cili7.cns'  Water  Company  mid  iistnl  hi  ft  am  a  ir^^rvmr 
to  .supply  Srotttlalt*  and  neiglilHjring  places  with  water.  T\\f*  dAiw 
failed,  a**  Bhown  in  Ph  XY,  li  (p,  im).  liy  the  wushingr  out  of  i 
V-sbap(Hl  [licrt*  al  tlu^  ri^lit  end*  lliiJ^  piece  was  al>oiU  IfW)  fet»t  wiJ<'  1 
!it  till'  top  :iuf\  ITi  Hrt  wide  ni'!ir  tht^  !m^c,  Thp  wnlcr  ditl  in^r  ov(*^ 
flow  tlic  baidv — in  fact,  it  was  several  feet  Ix^low  the  crest  of  the 
(Inni  at  the  time  of  faihire.  A  leak  was  Hoticed  a  considerable  tini? 
before  the  break  occurred.  i)ut  efforts  to  stop  it  were  unavailing.  It 
increased  until  a  well-deKned  break  was  discovered  near  the  base  <^' 
the  (lam.  Failure  immediately  followed,  liberating  about  t2,(X)0.000 
<rallons  of  w  ater.  The  loss  caused  w  as  small  on  account  of  the  sparsely 
s(»ttlecl  condition  of  the  valley,  consisting  mainly  in  damage  to  ma- 
chinery in  the  pum|)  house  just  below  the  dam,  the  washing  away  <^t 
several  small  bridges  along  the  stream,  and  some  damage  to  a  fcw 
buildings  along  the  creek. 

The  failure  of  (his  dam  was  due  to  leakage  l)etween  the  end  of  tin* 
dam  and  the  rock  side  of  the  valley.  This  rock  was  of  a  shalv 
luiture,  the  seams  dipping  5"^  to  (>''  downstream.  The  earth  probably 
settled,  leaving  a  crack  between  itself  and  the  rock.  This  explana- 
tion appears  (piite  plausible  from  the  fact  that  on  September  1^- 
when  the  writei'  visited  the  dam,  there  was  a  leak  under  it  near 
the  left  baidi  that  was  passing  moi*(»  water  than  the  natural  flow  f>^ 
the   stream.     The   water   thus   leaking   under   the   dam    was  beii^r 


"  For  Wiustou.  N.  C,  restM-volr  failure  s<m»  Kui;.  News,  vol.  r».'?,  11>04,  p.  444. 
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luped  back  into  the  reservoir.  An  Jitteiuj)t  had  been  made  to  stop 
s  leak  by  a  eut-olT  wall,  but  it  had  apparently  resulted  in  failure, 
le  upstream  face  of  several  hundred  feet  of  the  part  of  the  dam 
It  did  not  completely  fail  slipixnl  down  toward  the  water,  a  dis- 
ice  of  from  1  to  3  feet,  leaving  cracks  of  from  1  to  4  inches  in 
dth. 

The  dam  was  immediately  rebuilt,  and  j)reraution  was  taken  to 
?vent  the  water  from  passing  around  the  end  of  the  dam  by  build- 
y  a  masonry  wall  into  the  rock  (f  the  hillside  and  extending  it 
t  into  the  core  of  the  dam.  It  is  quite  evident  that  a  sufficient 
lount  of  care  was  not  taken  in  constructing  the  dam  to  prevent 
.kage  underneath  and  around  the  ends. 

l>ROUGHl^  IX  OHIO  KIVER   J>KAlNAGli:   BA81X. 

By  K.  C.  Murphy. 
INTROIH'CTIOX. 

rhe  severe  drought  of  1904  in  the  Ohio  drainage  basin  and  in  the 
uthem  and  New  England  States  calls  attention  to  the  fact  that  not 
ly  in  the  arid  West  may  there  lie  a  shortage  of  rainfall,  and  (^nse- 
^ntly  of  water  supply,  but  that  such  conditions  may  occur  east  of 
3  Mississippi  also,  and  brings  prominently  to  vi*»w  the  necessity  for 
undant  storage  of  flood  waters.  Fortunately  the  1904  drouglit  came 
ar  the  end  of  the  growing  season  and  <li<l  not  cause  a  severe  short- 
e  of  crops,  though  it  seriously  affected  manufacturing,  railway,  and 
vigation  interests  in  the  Ohio  draimige  basin. 

The  normal  monthly  distribution  of  rainfall  over  the  TnitiMl  States 
ries  greatly.  On  the  Pacific  <*oast  the  winter  months  are  wet,  the 
nmer  months  are  dry:  on  the  (in^at  Plains  (lie  reversi*  is  ti-ue — the 
imiei^s  are  comparatively  wet  and  the  winters  dry.  Kast  of  tin* 
ssissij)pi  the  precipitation  during  th«»  winter  mouths  is  generally 
out  the  same  as  during  the  sunnner  months,  but  there  are  gn^at 
riations  from  the  normal  rainfall.  The  areas  of  low  and  high 
ecipitation  are  frequently  c()mj)aratively  small.  In  a  few  hours' 
le  on  the  train  one  will  often  sim*  a  marked  change  in  the  vegetation, 
e  to  the  amount  of  moisture  in  the  soil,  this  ixMug  es|)ecially  tru(^ 
the  Great  Plains  region.  Short  periods  of  diminished  rainfall  are 
tmnon  east  of  the  Mississippi;  west  of  the  Mississippi  tlu^v  are  more 
^uent  and  of  longer  duration. 

STREAMS   AND    DRATNACJE    BASIN. 

The  drainage  basin  of  the  Ohio  (see  PI.  XVI 1)  is  the  second  in 
5e  of  those  forming  the  great  Mississippi  drainage  basin.  Tt  has  a 
Dgth  of  about  660  miles,  a  width  of  480  miles,  and  an  area  of  about 


the  Tennessee,  Cumberland,  Kentucky,  Big  Sane 
Kanawha,  and  Monongahela.  North  of  the  Ohio 
of  gently  rolling  cultivated  land,  with  little  timlK 
ern  portion  of  the  basin,  w  hich  is  mountainous  an 
south  of  the  Ohio.  The  Wabash,  Miami,  Scioto,  i 
the  principal  tributaries  from  the  northern  part 


H ' " ^i I 

•J 


Fig.  18. — Curve  showing  mean  anniinl  precipitation  at  three 
drainage  basin  from  1830  to  1004. 

flow  is  very  different  in  character  from  the  southe 
less  rapid  and  more  nearly  uniform. 


PRECIPITATION. 

The  annual  precipitation  over  the  basin  may  I 
about  35  to  45  inches.  The  mean  of  the  anm 
Marietta,  Portsmouth,  and  Cincinnati  fi'om  182 
in  fig.  18,  in  which  the  curve  shows  the  variat 
from   vear   to   vear.     The   vears   18:^5,    1871,   18 


^ 
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long  the  Ohio  are  usually  referred  to  the  low  water  of  1805.  It  will 
»c  interesting  to  compare  the  precipitation  and  stream  stages  from 
893  to  1896  with  those  from  1899  to  1904  for  places  nortli  of  the 
)hio  and  also  south  of  or  on  it.  The  places  selected  for  this  compari- 
on  and  the  annual  precipitation  at  each  for  these  periods  are  given 
>elow. 

Annual  precipitation,  in  inches,  at  places  in  Ohio  River  ilrainaije  basin. 


Place. 

IHyH. 

1894. 

1895. 

1896. 

1900. 

1901. 

1902. 

I9m. 

\WH. 

«Clty,Pa 

.--.|    49.97 

34.32 

40.81 

40.97 

:J7.83 

47.49 

45.  W 

48.90 

41.71 

i»yton,Ohio 

....     38.93 

26.79 

2).  89 

32.25 

:«.86 

2»i.05 

:«.97  ' 

38.  (» 

37.19 

'erre  Haute,  Ind 

.-.-1    39.61 

29.12 

aj.50  i 

37.27 

:«.47 

81.78 

34.88 

1 

33.22 

:39.27 

Mean 

...        42.M4 

31).  (M 

33.  (r:  i 

:«.83 

37.05 

;«.ii 

38.80  1 

40.27 

:».:i9 

Mean 

:i> 

70 

38.12 

.   .  — 

— 

— 

— 

— 

_ 

onfluence.  Fa 

....     43.:«) 

42.14 

:i5. 11 

50.22 

44.03 

41.17 

45.92 

:^7.12 

31.38 

"harleeton,  W.  Va  . . . . 

....      41.10 

la.rs 

:i2.a6 

44.72 

40.20 

45.94 

45.37 

:«<.40 

aOmouth,  Ky 

...     41  4o 

26.30 

29.84 

:«.59 

40.53 

29.82 

40. 76 

37.46 

32. ;« 

iudnnati,  Ohio 

....'    44.(M) 

26.50 

38.  U8 

29.33 

38.86 

34.48 

4^.22 

4;i45 

27.78 
:».04 

38.12 

17.99 
29.53 

:i2.89 

37.:*) 

41.65 
42.20 

34.69 
:«.69 

3JJ.27 

29.54 

onisville,  Ky 

....      43.93 

29.25 

Mean 

....      42.77 

33.17 

33.08 

30.62 

Mean  

....1    42.H0  : 

32.01 

33.75  : 

40.97 

37.72 

38.72  . 

40.VI2 

37.77 

:m.38 

Mean 

87.21 

36.90 

It  appears  from  this  taWe  that  the  mean  precipitation  for  the 
►^riod  1893-1890  for  these  eight  places  is  0.3  inch  greater  than  for 
be  perioil  1899-1904. 

The  mean  of  the  three  places  north  of  the  river  is  1.51  inches  less 
lian  the  mean  for  the  five  places  south  of  or  on  it  for  the  first  period 
3893-1896)  and  l.t>2  inches  greater  than  for  the  second  period — that 
s,  the  drought  was  more  st»vere  nortli  of  the  Ohio  from  1893  to  1890 
han  south  of  it,  and  the  opposite  for  the  ixM-iod  1899  to  1904. 

The  table  below  gives  the  monthly  precii)itatioii  at  each  of  these  eight 
»Iaces  and  the  monthly  variation  from  the  normal  at  some  of  them 
or  two  years  of  the  first  period  and  three  years  of  the  second  period. 

Monthly  precipitation,  in  inches,  and  variation  from  normal  at  places  in  Ohio 

River  drainaijc  basin. 

OIL  (MTV.   TA. 

[P.,  precipitation;  V.,  variation  from  normai.] 


Year. 


Jan.  I  Feb.   Mar.  Apr.  May.  June.  July.  Aug.  Sept.   Oct.   Nov.  Dec. 


»IH(P.) 3.48| 

•86fP.) 4.63 

>01(P.) 2.55, 

I08(P.) 3.82 


2.94  1.90  3.17 
1.491  IJH  2.68 
1.76  4.J«  5.«.»9 
5.07     5.06     3. 44 1 

1)3<V.> -r  .58  +1.79+1.81  +   .67 

»04(P.) ;    6.45     3.51     6.  iO     4.5(K 


5.04J 
4.22 
5.14 
2.62 


1.62 

2.58 

5.:i7 

7.08 


1.95 
3.65 
3. 42 
7.04 


0.41 1 
3.09, 
4.11 
4.. a 


6.51 
5.15 
6. 61 1 
2.04 


2.43 

1.241 
6.39 
2.92i 


l.:n  -^2.32+2.49+1.42- 
4.:«     2.30     3.42     4.02 


1.65+  .:*<- 
::.(«    1.64 


2.22 
5.11 
3.W 
2.67 
-  .89 
.92 


2.65 
5.32 
4.31 
2.82 
.42 
2.80 


An- 
nual. 

34.32 
40.80 
47.95 
48.90 
h  7.19 
41.  n 


FALMOl  Til.    KY. 


18JH  (Pi. 

1«)1  (P.. 
f(P.)  , 
1(V.. 

(P.) 


\m^\ 


]sm{ 


I  V.I 


LBS 


;i  IT' 


*  70 


H4+lJ»Bi-Lsrl 


i.na   s.iw!  i,«S! 


+afie -Lar,-  .i8-s*sBi 


J 


t|  o.r*!  i.rt*:  i.«^   lit    a.m  3.rt7 


KM 

l.m, 


Ml*' 
2.74 


■*1 

3.0S| 

i.aoi 
-  .u 


-M7-ati« 


4."i 

.til 

4.  IK 


*  Approximate. 
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onthly  precipitation,  in  inches,  and  departure  from  normaL  ete. — Continued. 

CINCINNATI.  OHIO. 


Date. 


Jan. 


i(P.)- 
S(P.). 


•i: 


8.75 
6.18 

.«7 


Feb.  Mar. '  Apr.  May.  June.  July.  Aug.  Bept. 


3.78    2.36 

.37',    1.51 

1.36-    2.01 


(P.)-. 
(V.).- 
<P.)  -. 
(V.).. 


1.60 

2.62 

1.S8 

.95 

2.05;    5.76:    4.97     3.49 

-1.4  1+2.1  j+1.7    +  .3 

2.66;    2.66    8.17     2.281 
1 


.-2.51i-2.17-1.80- 


2.33  4.17  0.13 
1.82i  2.15  2.27 
1.62  2.:i7  1.44 
1.7o' -1.09 -2.05 
3.83  3.27  2.31I 
+  .4  '-1.1  -1.1  -1.0  -  .fl 
3.70  2.60  .80  .4li  1.88 
....I-  .8  1-1.2  i-f4.9   -  .9  1+  .3  1-1.8    -2.6     -3.3    -l.H 


3.SR 
-  2.^0-1.43 

2.75  i.r» 


Oct.  L 

S"oy. 
0.98 

Dec. 

3.23 

An- 
nnal. 

H 
q 

86.69 

4.66 

3.29 

29.88 

.74 

3.87 

17.99 

-lsbL 

-2.Sfl+  .41 

-20.62 

IM 

L4fl 

1.72 

34.69 

lA   - 

^1,8 

-1.4 

-  5.18 

.89 

.34 

3.75 

29.54 

-1.55'- 

-S.96 

+  .63 

-10.5 

LOUISVILLE,  KY. 


♦  iP.) 2.81     6.09     lUn 

5  (P.) '    4.54       .64     2.W 

l(P.) I     .98    1.16   :i.m 

J(P.) 2.48    6.08    3.1ft 

^(V.) j-1.6    +1.7  j-  .8 

|(P.) I    2.43     3.54!    6.4S 

i(V.) !|-L6   -1.0]+2.fi 


3.U»!  ^ 
1i.4t(  2 
4.8^;    U 


+    4 


3.63 
4.94 

4.12 

.8 
1.71 


S.41| 

5.«8_ 

2.851 

1.35 

2. 

1.7(1 


-2.6    -2.1 


3..^7' 

i.:i5 

2.H8 
3. 51 1 

.0 
2.11 
-1.4    - 


K2l)l    0.63 


.90, 


I  :-z\ 


2.64 

.4ll 
2.78       .49' 

.S3    i.eoj   2.71 

2.00-1.2  1-1.4 
2.65       .27j      .25'    3.6e 
.17-2.54-3.81;-  .2 


5.18! 
5.31* 

4.59J 
1.58 
■2.3  j 


i 


I 


38.08 
38.86 
29.53 
33.69 

-12.07 
29.25 

-16.8 


From  this  table  it  appears  that  the  sinalle.^t  monthly  precipitation 
t  the  first  period  was  0.4  inch  and  in  the  second  period  0.25  inch — 
lat  is,  there  was  one-fourth  inch  or  more  rainfall  per  month 
:  each  of  these  places  during  both  these  dry  periods.  There  is  seen 
)  be  an  annual  deficiency  at  Cincinnati  of  20.52  inches  in   1901, 

deficiency  of  10.2  inches  in  1004,  and  an  accumulated  deficiency 
rom  1901  to  1904  of  39.7  inches.  The  deficiency  at  Louisville  was 
2.1  inches  in  1903  and  ir,.8  inches  in  1904. 

KlIN-OFF    .\NI)    1)1S(IIAK(;K. 

As  a  re^sult  of  the  large  deficiency  in  the  precipitation  over  this 
rainage  basin,  espt»cially  south  of  the  Ohio,  th(»  flow  of  the  streams 
«came  very  small,  causing  great  inconvenience  and  loss  to  navigation 
nd  other  interests  along  the  riv<M*.  The  following  table  gfives  the 
luctuations  of  the  surface  of  Ohio  Kiv<M-  at  Wheeling,  Port.smouth, 
nd  Ix)uisville  from  August  to  DecemlKM*,  1895  to  1904,  as  shown  by 
ke  United  States  Weather  Bureau  gages  at  tln^sc  places.  The  great- 
st,  the  least,  and  mean  gage  height  for  each  month  is  given  at  each  of 
hese  places. 


IBB   147—05   M- 


-12 


TtTS  DESTBUCTTTE    FLOODS    !N    UNITED    STATES    !K    1304*       [^^uXa 

Gaffe  hisiffhK  in  fevi,  in  iilaccH  tihmtf  ikv  Ohio,  Au&tmt  if*  OetH^mbfT*  IKi^  (ttiSftf, 


1 


¥imc^. 

T«^. 

AtMcwt                      f^ptumtwr,         J            Ocfiab 

«r* 

1 

1            . 

1 

rmii-l 

1 

[ 

Til— 

^.»        1.9       0, 

)JI-- 

-WheeliuiLf,  W. 

r]8a'» 

1 

3.5 

1 
1.^  1    S.4 

8.a 

LT 

»       l.i 

Va.                  \vMH 

5, 1 

LO  1    £t.1 

8.4 

L8 

3. 3       4. 9       2. 

R       3.S 

Ohio.               liom 

A.O  ' 

a.6  1    4.5 

4.1 

2.5 

3,3       2,»*     U 

tl       I.T 

A.B  1 

8.fl  ,     4.8 

6.8 

2,1 

8.8     a.e  1    L 

»  ^     11 

T       '      -n       t.-       l^^^ 

6.4 

8,3       4,1? 

4,3 

8.0 

8.5       8.4  1     1. 

»l     U 

Ltmii*viU«,  ky-l^g^^ 

4.«, 

a.5       3.7 

1 

4.0 

3.5 

3,1  i    i>»       ».0.     1-1 

V<i»r. 

iri:iTeniixar. 

UwfOnvDhm 

IPMca^ 

^'to- 

IIM3E1. 

To^ 

Mm. 

WhwUtiK,  W.  Vtt... 

illEMH 

8,7 
8.0 

S.9 

*i.  3 

18.5           2.11 

flin.  i)  1        k4 

1^ 

■  PortKmoiith,Ohiu        I 

I                                           IttHH 

4.0 
4..f 

1.8 

3.4 

2,3  ,       22.ti  1        3,1 
3.0      '^IT.Ij  I        S-3 

8.« 

^'^»-'^y       jC 

4.1 

J. 8 

1     ^^^ 

3.8          »J)          8-il 

3.6  '      nA        2.e 

IS 

*  BpKrtn  to  rlst'  I>eftfml*rr  2^  from  2.5  fwl.         *  B(^i;iiti  to  Hm  iNHi'mlter  2T  fram  'I"*  f**^ 

\i  W}u'i^}u\t'  lh<^  rnDm*  *^f  stup«  in  ISJK'j  wjis  frmrj  0J»  tf>  ^.5,  o\fvp1 
for  a  few  days  in  DecrniluM* ;  in  1!)()4  it  was  from  l.H  to  .*).!.  except  for 
a  few  (lays  in  December.  It  is  tluis  seen  that  while  the  mean  stMiT^' 
for  the  five  months  was  h\ss  in  11K)4  than  in  ISD:),  the  stream  at  tlii^ 
phice  reached  a  h)wei-  sta<rt*  in  ISl).")  than  in  1!)()4. 

I'he  mean  sta«rt'  at  Portsmontli  for  the  five  months  i>  also  les>  ii» 
11)04  than  in  ISJ):),  hnt  the  lowest  for  any  month  was  in  ISIKk  Tlu' 
same  is  true  of  the  sta<res  at  Louisville. 

A  stap*  of  ().(>  foot  at  AMieelin<j:  means  a  tlepth  on  bars  from  DmvI- 
Ishuid  dam  to  \A^heelin<>-  of  from  ()  to  'JO  inches.  Hence  from  tlu' 
latter  |)art  of  July  to  near  the  end  of  December.  ISlh""),  and  al><' 
for  the  same  period  of  11M)4,  boats  could  not  pass  from  Pittsbur<j:  to 
Wheel  in<r. 

The  United  States  (ieolo<!:ical  Sui'vey  has  upward  of  HO  pijrinir 
stations  in  this  drainairt'  basin,  and  the  intensity  of  the  drou<j:ht  c:in 
Ik*  seen  from  the  records  at  these  stations.  The  location  of  then' 
pi^in<j:  stations  on  the  moi*e  imj)ortant  streams  is  shown  in  PI. 
XVII  (j).  174).  In  order  to  economize  space,  the  principal  results 
are  presented  in  two  tables. 

The  table  on  \k\*S{'  17t)  <rives  the  run-ot!'  pei*  s(piare  mile  in  cubic  fert 
))er  second  at  *2i)  of  these  stations  for  each  month  from  June  to 
December;    also  lUc  mewu  im*  IW  svv\v>\\  \\\vw\U\s.    The  area  of  each 


SfrRPHY  AND 
OTHEK8. 


lXD"1 
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i)f  these  basins  above  the  point  of  nieasui'enient  is  given  in  the  table 
i)n  pa^  181,  and  the  volnnie  passing  each  station  per  month  can  easily 
l)e  computed.  South  of  Ohio  River  the  mininnmi  flow  occurred  in 
October;  north  of  the  Ohio  it  occurnnl  at  some  time  between  Sep- 
temlx»r  and  Noveml^er.  The  smallest  monthly  flow  of  any  of  these 
stream.>  was  that  of  Scioto  River  at  Columbus,  l)eing  0.021)  second- 
foot  per  scpiare  mile  in  September. 

ItutMtff  per  nquare  miU ,  in  srcfttnl-fcrt,  of  itfrramx  in  Ohio  tirainaf/c  basin,  Jane 

to  Dccrmhvr,  /.WJ. 


8tr(»m  and  place. 


Juuf.  I  July.      Au»?.       Sept.       ()<-t.    |  Nov.       Dch-.      Moan. 


I 


Ldckiiig     River,     Pleasant 
Valley,  Ohio      - j  0.721 

Wabash.     River,     Logans-  i 
port,  Ind I  1.940 

Tippecanoe  River,  Delphi, 
iDd - I     .6:^      .WM);     .282      .818      .810 


1.810  0.197   0.180  0.  ir)4 

I 
.845      .128      .189      .124 


I 


0.145   (K898   0.487 


.110      .UTy     .519 


28«  . 


.406 


Olentangy    River,    Colnm- 
bns,  Ohio 

Scioto     River,     Colmnbtis, 
Ohio. -. 


Mahoning  River,  Yonngs- 
town,  Ohio 

White  (East  Branch)  River, 
Shoals,  Ind 


Tonghiogheny  River, 
Priendsville,  Md 

^ew  River: 

Radford,  Va 

Fayette,  W.Va 

Greenbrier    River.    Alder- 
son.  W.  Va 

French  Broad  River,  Old- 
town,  Tenn 

Tennessee  River,  Knoxville, 
Tenn _ 


.360   1.220|     .041      .0,53     .045      .O:^      .198      .294 

!         I         '  1  I 

.2:il|  1.3801     .048     .029     .042     .046     .105;     .269 


I 


1.76  I     .824j  .246  .078  .049  .0N4  .238,  .396 

.4x5!     .314  .132  .107  .089  .073  .190,  .199 

1 .  19  I  0. 627  .  183  .  153  .  207  .  ItP^  2. 72  j  .  747 

I     '  1 

1.49  I  1.03  I  1.08  .520  .299  .492  .576  .784 

1 .  84  I  .  828  .  (504  .274  .1 78  .  289  .  427I  .  555 

.9881  .262  .105  AMSA  .045  .062  .807  .262 
I      I 

1.18  1  .  748,  1 .  08  .  648  . 3( )8  .  548  .  792  .  749 


Pigeon   River,  NewiK)rt, 
Tenn- ... 


r25      .678j     .708      .862 


n\)     .817      .702      .529 


.997      .918'     .8<)0      .519      .281      .420      .80S      .690 


Nolichncky   River,  (4re(m-  1  '  I  ■ 

ville,  T*;nn 'l.l9,     .847'     .921      .521,     .886      .585      .791      .784 

South  Fork  Holston  River, 
Blnff  City,  Tenn... 

Little  Tennessee  River,  Jud- 
wn,  N.  C- 


I 
.664      .622      .690      .88L     .228      .851      .786      .525 


1.47      1 .  07      1 .  60 


.951!     .444      .690    1.48      1.095 


Tockasegee  River,  Brvscm,  1 

N.C '- I  1.42      1.12      1.89        .885      .579      .690    1.22,1.043 

Hiwassee  River: 

I  ' 


Mnrphy,N.  C. 
Reliance,  Tenn . 


1.80  I     .927,  1.40        .(W8;     .429      .546    1.07 


.909 


I     .991      .7SS   1.08'     .530     .349      .476    1.09,     .758 


ISO 
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The  talik*  Imlcm  yivo?*  moiv  detailed  infornuittorj  *if  tl»e  flow  ai 
^a|jrni#r  ^tritiotiH  ill  this  basin  for  tlu*  fivr*  numths  Julv  *iO  tu  DtH^tn- 
lM*r  20,  <*ohitiin  4  of  lliis  tabic  gives  tht^  mtixinuini  daily  mtp  of  flow 
and  roluiiiii  5  tht*  minimum  daily  nUo  tbiH iiir  ilw  fivo  rftuiiths  a* 
thfHc  stations,  Cobimn  ti  |:nviH  the  <lati'H  of  iK'^iniiiiii?  and  ending  of 
tlu*  perioti  i*f  six  or  more  days  when  iho  dis<*hnrp^  whs  U^ast ;  4h>1uiiui 
7  ^ivi*^  tile  nnnilK^r  of  days  of  this  peri^Ml,  and  lohiinn  H  th**  dis^chiiri?' 
during  that  time.  It  fn^nently  happens  that  a  dam  on  the  stfvsm 
hohls  l«i*  k  I  he  water  for  a  fi^w  thiys,s<j  (lial  the  smallent  daily  flow  m*v 
\h\  much  less  tlnin  the  average  tlo%v  for  a  week  or  more  when  the  flaw 
is  least,  A  eomparisini  (»f  itie  f*i*rn^sponding  nijmlK*i>  in  colnjun* 
5  and  8  will  give  a  giNwl  idea  of  the  mininuun  flow,  and  also  of  tk 
nvemgt^  for  a  wwk  or  longi^r  when  the  flow  was  least* 
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It  will  be  seen  that  the  streams  south  of  the  Ohio  not  only  have  a 
larger  nnnimiun  flow  per  square  mile  of  drainage  area,  but  their  flow 
fluctuates  less  rapidly  than  thosc»  north  of  the  river. 

SOME    EFFECTS   OF   THE    DROl'OIIT. 

The  drought  ha<l  a  serious  effec^t  on  the  navigsition  interests  of  the 
Ohio.  Hoatmen  dechuv  that  it  was  the  woi-st  in  their  recollection. 
For  si»ven  months  navigation  was  practically  suspended  from  Wheeling 
to  Pittsburg.  It  is  estimated  that  1:^,000,000  busliels  of  (M)al  were 
tied  up  at  points  ahnig  the  Ohio  and  tributaries  waiting  for  a  rise 
in  the  river  to  take  th(»m  down  to  (^liro.  The  Soutli  was  suffering  for 
the  coal  that  was  hehl  ah)ug  the  river  and  the  minei-s  w(M*e  working 
on  half  time  on  account  of  lack  of  facilities  for  transpoiting  the 
coal  to  the  c<msumers.     (S(m»  PI.  XVIII.) 

The  givat  steel  and  iron  industries  in  W(\stern  Pemisylvania  and 
Ohio  suffered  directly  from  lack  of  suitable  water  for  boilers  and 
indir(*ctly  for  lack  of  fuel,  the  railroads  not  lH»ing  able  to  haul  the 
fuel  for  lack  of  water  for  lH)iler  ])urposi»s.  The  Edgar  Thompson 
Company  shut  down  part  of  its  st(H»l  plant  for  lack  of  water."  The 
furnac<»s  had  no  coke  and  the  boilers  had  badly  corroded  from  the 
sulphur  in  the  water  which  came  from  the  mines.  The  National  Tul>e 
Works  and  the  Duquesne  and  Homestead  mills  could  not  run  to  their 
full  capacity.  Many  of  the  coke  ovens  susjxMided  operations  and  the 
loss  in  the  coke  regicm  was  estimated  at  $1,000,(K)0  per  month. 

The  oil  industries  suffeivd  for  lack  of  water  and  in  many  cases  this 
scarcity  causcnl  suspension  for  a  time.  Wh(»re  it  was  possible  in  the 
oil  fields  water  was  hauled  for  the  l>oilei-s  from  considerable*  distances. 

The  railroads  suffered  to  a  large  extent.  Many  of  the  streams  from 
which  their  local  supplies  were  taken  Ix^came  dry  and  it  was  necessary 
to  haul  the  water  for  the  engines  in  some  cases  fi-om  a  long  distance. 
The  writer  counted  1*2  tank  cars  of  water  in  a  train  on  the  Haltiniore 
and  Ohio  that  was  on  its  way  from  (Jrafton  to  Clarksburg  and  other 
watering  stations.  The  Pennsylvania  Railroad  and  other  roads  in 
this  basin  were  comp<»lled  to  haul  water  for  their  engines  to  various 
points.  The  water  was  not  oidy  scai'ce  but  very  poor  in  (piality,  con- 
taining so  much  sulphur  as  to  nMi(l<M-  it  almost  unfit  for  boiler  use. 

Many  farmers  suffered  inconvenience  and  loss  from  lack  of  wattM* 
for  stock  and  hous^^hold  purposes.  Springs,  wells,  and  streams  of 
considerable  size  in  West  Virginia  and  Kentucky  were  dry  and 
farmei's  were  compelled  to  haul  water  from  a  c()nsideral)le  distance. 

The  water  suj)ply  of  several  towns  in  west<Mn  Pennsylvania,  West 
Virginia,  and  Kentucky  was  almost  (exhausted  and  ])r()perty  was 
without  adequate  fire*  piotection  foi*  a  time.  The  wat<M-  company 
which    supplies    Braddock,    Pa.,    announced    in    Decemlx'r    that    it 
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i:ti\\U\  ntit  gUMniiih'O  n  sujjfily  ai'  wator  Tho  \Vostm(»rclainl  Watit 
C»niipiiii\%  winch  supplir^^  (irn*iisl>ui|;^,  JivinnrUis  Munor*  and  Irwin. 
Pii„  with  wiitM',  staUHl  OH  IX*<Tmlifr  "il  that  theits  wafi  only  Hiiffieicul 
for  a  wt*«*k*s  su)jp!y.  Many  tuvvTis  foinul  il  m^iH^ssary  to  rurtail  ibf 
it^*  of  Wiitor  for  baths  1 1 jT  pui'iJOsi>s. 

Thi*  nnncMly  for  thi^  Inek  uf  water  duriiip  droughts  is  to  st«ii'  in 
»humlnnt  so|>[)ly  nf  Htjod  wattT.  KorhHiately  ihr  irionntaiiHiU'^ 
re^icNi  of  Wi^st  \'irgiiiia,  IVunhylvaoia,  and  Kentucky  atlonls  luiiii; 
f^ites  for  tlic  j^tortigo  of  mmlerately  larj**^  voluui*.*^  of  wati^r  Ht  n 
nisonnhlr  rtisf.  Ahvndy  many  of  tlu*^*  towns  hi  thi>*  rt'.don  \mv 
siu'h  Htora^^  supplii*s  and  this  drou^lit  will  iiiuioijhii*dly  r^i iiiiul;i(«' 
thi*  eonstruction  of  older  Ktoragt^  i't^4rYoii's  for  the  mj|n>iy  o(  i  iiii" 
and  ti>\vns  uiid  aini  iiuhiBtritil  organ ixiiti our 

A   MKTIH>I>  iW  tX>MPl' I  INt;   CrEOSK^KKC^TlOX   ARKA  OK 

WATKUWAVH. 

By  K  (\  Mti«i*uv. 

'J'hi*  jirnpi^r  Kisw*  of  channel  cro«B  »?ection  of  a  >^troain  depc*nds  uiainly 
on  tho  rati*  u{  (low  of  the  stnurnip  Thi*  tn^'ihod  j)n>pn»^*»d  In  tlu^  jUM'*' 
for  linding  tn^oHs-mn^t ion  area  is  based  on  the  fundunH*ntal  funuula 

t'hfiti  K  =-J\  1  whi^^n*   /'^  is  1, fit*  (tros^^'fiociion  anm  (jf  tht*  «rre.»»m,  ytht' 
J- 

unixinnmi  dii^diarge  in  euhic  f(*ot  pi^r  Mvuud.  and   T  is  the  vel<Hiiy 

i>f  tlir  maxiinnin  discharge  in  the  i^fuinnel. 

'Vhv  fni'innhe  in  <HMiiinon  nse  for  tins  [inrprjs*^  generally  havi'  tlif 

ftirni  F  —  (M^\  in  wliirfi  F  is  the  eross-s^^i'tion  area  in  s<]uan'  fwt.*'^     ' 

is  the  draiu!*ge  area  in  sijnare  miles  or  acres,  r  is  u  quant ilv  vvlu"^" 

valur  tleix^nds  uH   tlii^  cliatacter  of  lh(^  eouulrv,  and  ^'  is  a  fraeiui^^ 

irenerally  less  than  unity:  e.  g.,  the  formula  used  by  tne  engineer^  *^^ 

the  Missouri  Pacific  Railway  (V)un)auv  is  F  =  0.'J5  M  to  0.17  J/.    T^^^' 

pr()|)()sed    method    is   based    on    measurements   of   the    flood    flow    <* 

streams  and  on  the  observed  maxinuun  range  of  stage  and  sh)pe  *' 

each  i)articular  stream. 

FACTORS   DETERMINING  MAXIMUM   DISCHARGE. 

The  maxiuuim  discharge  of  a  stream  depends  on  several  (piantitier^' 
Primarily  it  is  dej)en(lent  on — 

(1 )  Kxtent,  duration,  ajid  intensity  of  precipitation,  especially  thr 
lattei-  in  the  case  of  small  drainage  basins. 

(2)  Direction  of  motion  of  the  storm  causing  the  flood.  If  the 
storm  movers  in  the  direction  of  flow  of  the  stream  the  intensity  of 
flood  will  be  greater  than  if  it  moves  in  the  opposite  directi<m  or 
across  it. 
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(3)  The  amount  of  snow  on  the  ground  and  the  temperature  dur- 
ing the  storm.  Large  AchkIs  are  often  due  largely  to  melting  snow 
wht*n  the  ground  is  frozen,  and  in  such  cases  the  run-off  is  much 
larger  than  the  rainfall. 

(4)  The  storage,  both  natural  and  artificial,  in  the  dminage  basin. 
Storage  spreads  the  fliKxl  over  a  larger  period  and  thus  reduces  the 
niaximum  rate  of  flow. 

(5)  The  size  of  the  drainage  basin.  Rain  storms  of  great  inten- 
sity gi>nerally  cover  a  comparatively  small  area,  and  a  larger  part 
of  a  small  drainage  basin  is  more  likely  to  Ik*  covered  by  a  very 
intense  stonn  than  of  a  largtT  l)asin.  The  maximum  discharge  j^er 
square  mile  will,  therefore,  increase  as  the  size  of  the  drainage  basin 
^ecr(*as<>s. 

(0)  The  physiogi-aphy  of  the  drainag(»  basin.  The  maximum  rate 
of  flow  from  a  comparatively  long  and  narrow  drainage  basin,  with 
tributaries  entering  a  considerable  distance  apart,  will  Ih»  less  than 
from  a  basin  of  nearly  circular  shape  of  the  same  size,  but  with  the 
tributaries  entering  the  main  stream  in  close*  proximity.  Steep,  im- 
foervious,  deforested  slopes  of  drainage  basin,  steep  slope  of  lied  of 
tributaries,  and  small  slope  of  nuiin  stream  intensify  flood  flow. 

Among  the  more  or  less  artificial  conditions  that  increase*  the  flow 
tnay  Ih»  mentioned  controlled  storage  in  the  basin;  deforestation 
and  cultivation:  reducticm  in  width  of  channel  by  placing  abutments 
of  bridges  in  the  stream;  the  usi*  of  piei^s  that  prevent  scour  of  bed, 
C'ollect  drift,  and  hold  back  a  part  of  the  flow  for  a  time,  causing  a 
^•eatly  increased  flood  wave;  the  formation  of  ice  gorges;  and  the 
"failure  of  dams  and  reservoir  walls. 

PVeshets  occur  on  all  streajns,  usually  ouce  a  year,  sometimes  two 
or  more  times  a  yt^ar;  great  fl(K)ds  that  result  from  natural  causes 
<K*cur  at  irregular  int(Mvals,  varying  from  a  few  yearr>  to  many  years 
apart.  It  is  impossible  to  predict  th(»  time  of  their  occurrence  or 
determine  whether  the  largest  recorded  flood  is  the  largest  that  will 
wer  (H'cur. 

It  is  very  difficult  to  measure  the  discharge  of  a  stream  at  nniximum 
stage  with  accuracy.  At  such  a  time  the  stream  usually  carries  much 
drift,  overflows  its  banks,  and  changes  its  stage  rapidly,  all  of  which 
make  accurate  measurement  of  flow  difficult. 

MAXIMUM    RATE    OF    DISCHARGE. 

It  may  ho  seen,  from  the  foregoing  and  other  facts  that  might  he 
cited,  that  the  rate  of  flood  discharge  of  streams  in  diflerent  drainage 
basins  will  differ  by  a  considerable  amount.  The  difficulty  of  measur- 
ing the  rate  of  flow  of  any  flood  and  the  uncertainty  whether  any 
flood  will  Ik?  the  greatest  that  will  ever  occur  on  that  stream  are  both 
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M)  great  that.  U  is  iisi^k'ss  tu  iitlnupt  tci  fipiri'  rlost.^Iy  the  iiiuxinium 

rate  of  Htnv,    It  will  Mifti<v,  theivfoiv,  to  tlivicit*  ihe  country  into^ixo^ 

eight  pitrtM,  ticcDrdiM^  (u  tln^  topop-nphy  iiiul  niinfalK  unil  kn^buina 

rt^latioti  !x*tweei»  riite  i»f  fhnv  uiut  ><izA^  of  rlniiiiuge  1ms in   for  trndi. 

Tht*  tiibk^s  iK*h)w  give  tht^  inuxiiiium  nite  of  How  per  sipmre  mi  Its  frcan 

drainage  hanifis  in   various  parts  of  tiie  Unite*!  StiUf%s  the  liniin- 

age  area  in  square  miles  above  the  point  of  ineusu  run  tout,  ami  th(? 

date  of  Hooil.     It  is  iinpossibh*  lo  gi\'e,  ex<Tpt  in  a  very  few  cat^*s, 

tht^  duration  of  the  inaxininm  rate  of  flow.     In  Home  ms**s  th<*  dart* 

tion  was  ])nibjd>ly  not  mow  than  half  an  hour;  in  other  cases  thi^ 

j  maximum   rati*  given   is  the  lueati    for  stn-eral  houiM,  and  poi^ibly 

I  for  tweiityfonr  hcmr^^  of  the  day  whwri  thi^  flow  was  gi^eatest.    It  i^ 

I  assumed  tliat  tiie  rnaxinuim  rate  given  is  for  a  iH*ri(Ki  of  less^  lh«^H 

tw^enty-foin^  Imurs,  nniess  otlterwiM*  statinh  H 

I      These  data  an*  st^Kn'tiHl  fn>m  a  hirge  mass  tjf  flootl-How  recH>rds  anJ 

are  the  hirgest  rates  of  flow  that  appear  to  be  fairly  reliable  that  tlu^ 

author  has  s<^en.     Some  (jf  lhe?*e  were  c^btainetJ    froni  eareful  weir 

ineaKurementAs,  while  others  are  rough  estimat4?Ji.  ^1 

Mt^d-tmum    mtv  af  iftMchat'sft^  of  stream*  in   nof't heartier n    Unttpd  HfaitM. 
[In  ■HMif^ud  f«?l  par  iK|Uiin«  ai|l«.  | 
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i      N.\\ 
Gt'iiC'SiM''  Rivi?r,  Mount  Mnrrls, 

N   V. 
Muhuwk   RIvrr.  Linl»  ^'uHm. 
NY 

W  Va. 

Blac*k  Rivisr,  Qirtliiitr^*  N.  Y 

Scliiivlkill  Rivpr»  Falrmnunt, 
Pa. 

Clu'inunK  Kiv<T.  Kliiiini.  NY 


Juiiu's  Rivt'r.  Biitliiiiiaii.  Va 

An<lr(t.s«-<)g^iii     Riv.-r,     Kuni 
ford,  M.'. 

Goiiosec«Rivor.  RiH-lii'stcr.  X  Y 

Hudson  Rivor.  F<»rt   K«hvanl. 
N    Y. 

Slii'iiuiidoiih    Kivor.   Millvillc 
W    Va 

Mclmwk  RivtT.  H.-xf«.r<l,  N.  V 

MrrriTimc  Rivci*.  Low<>ll.  Mass 

KtMiiit'lMM-    Rivi-r.   ^Vat••l•\•il^«. 

Sus«iu«'liHimH.    Wi'^^t    liraiK-li. 
WillianisiMH-t,  Pa 

Hmlsoii  River.  M«Hliaiii<svill«'. 
NY 

Merriina*'    River.    Lawrence. 
Mass 

P<»t«.niue  River.  Dam  N<>.:».  M<1 
Delaware  River.  Lain]>ert  ville, 
N    .1 . 

Delawan?  Rivt-r.  N .  J 

Delaware  River.  St(M-kt<>n.X.. I 

Sn.s<iuolmnna  liiver.Nnrtlnini 
iM^rluud.  1*11. 


!IW  L ...J  «U1.4r}|  H.F  miisi- 

WA  ^  Anif*  — ,  1M98  I       Sii.  70  '  n.  8.  B.  Btiim.  P. W.tm 

I 
m  '    ^.  »l  fHi    BUck    River   "WwtMf  i^tm 

V*tta..  Viii*  i 
„.._     ....  T»I(MI     J  J  R.OtJHt. 


ml 


hnm 

him 


,1«W  I 

-^    -IrtBtt 


Apr. 


,1W7 


Apr. 


2.(itV>     June 


:.'.(i.>.s 


:a:)     Mar 
>-i'»     Apr 


:{ 

'.\S4 

4 

( i- '} 

4 

410 

4 

.'»m 

4 

.Vx  ( 

4 

.V>:{ 

4 

«^<i 

(*> 

.'>ni> 

('> 

7:>(> 

('> 

?.x»  1 

«i 

HKI    1 

1K8U 

Is'.m; 

l.SIJ*.) 

IINM) 
l.'<*.tS 

is*.ni 

ISJH) 


14.01] 


LV  H,  Qfijl.gnr-.SiAti. 

U.S.  fi«ot  einr.ttiAii 

U,  8.  Ciw»l.  Ktir.  SiJAii 
N.J.  a«*l  i^iir.,  i**.  pi  1 


.  1N41 


m,m\  U.  B  lliW.  8ur.,  9)  An 

It.  00  {  r .  %.  ih?o\.  BtLr..  Ill  An 

I '.?  Ji  I     t '  S  Oool .  Hut.  .  3  >  A  n 

•17.10      Rent.    r)f    F.    ( \.llin>fsw.Mi  V' 

eity,  ISWI. 
l.").»ai     r.  S.  Gfol.  Sur  .  1V>  An 
St  (K)     V.  S.  (Te;»l.  Sur..  *J0  An. 

17.00  I  r.  S.  B.  En^rrs.  D.  W.  H^* 

i:>.rrf»     Rept   E.  A.  B<»nd.  Stat.'  ••^»'^' 
liMIO. 

11.40     V.  S.  (4f<,l.  Sur..  1".>  An. 

'Si.  10  r.  S.  H.  En^rs.  D.  W  ,  isift' 
v.). Si)  N.  .T.  (ieol.  Sur.,  1«M.  jit.  :*- 
•J.').-Jt)     r.  S.  (4tv)l.  Sur..  19  An. 

11.  (HI     En^'.  N»-ws,  Feb.  14.  is^l. 

lo.-iO     U.  S.  G.s.l.  Sur..  !«.♦  An. 

:i:{.4o  D... 

•.£.'. Lli  I  N.  .T.  <t«'ol.  Sur..  ism,  pt  4 
.V{  .HI  '  TranH.  Am.  S<k-.  C.  E..  vol   1 

r.0.00  Dm. 

in.')!!  \  N.  .1.  (4.«()1.  Sur..  1«M.  i»t.  :{ 

17.r>!i  i  F.n^:.  N«*ws,  Fo)».  14,  isiU 


» Aveniire  How  for  day  of  maximum  dLs«'lmr>ij«' 
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I  rate  of  flhcharjfr  of  xtrcamn  in  northeaHtcrn  Vnited  Staten — Cont'd. 


km  ami  place. 

!  Drain-  1 
age  area, 
infuroare 
!    mileB. 

H.eeo 

Date. 
May  -,l«r>4 

Maxi- 
mum 
rate. 

Authority. 

t   River,  Holyoke, 

21.10 

Ch.  U.  8.  Ensrr.  Corps.  187H. 

iver,  Point  of  RorkH. 

!      i»,e54 



— ,1H97 

10.40 

U.8.0eol.Sur.,19An. 

t  River.  Hartford, 

10.214 

20.9) 

Trans.  Am.  8oo.  C.  E..  vol.  7. 

iver,  Md 

11,043 
11.427 

42.  «0 
41.20 

EuK.  News,  May  25,  IWW. 
U.S.Oeol.Sur.,14An. 

Hver,  Great  Falls. 

— 

-,1HH» 

iver,  CThain  Bridge. 

ii,r^>  1 



-.1898 

17.20 

Do. 

na    River,    Harris- 

u,iw 

— 

.1«H 

1H.90 

U.8.0ool.8ur.,18An. 

hnum  rntr  of  iliHrhiinjv  of  stream  ft  in  southedHtern   Inited  States. 
(In  Hecond-feet  per  miunre  mile.] 


am  and  pla«re. 


I   Druin- 

Affii  area, 

in  square 

miles. 


Maxi- 

Date.        I    mum 

rate. 


Author!  tv. 


e»e   River,  Carters. 

ver,  Canton.  (Ja 

B    River,     Bryson, 

River,  Jud- 


?r,  Carlton,  (4a 

•or,  Waterloo.  8.  <^  .. 
iver,  Catawlwi.  N.  C. 
^hee     River.     Onk- 

River,  Mac*on,  Ga. 
ver,  8ali»bury,  N .  ( '. 
Rivt-r,    Milstmd,  ' 


'r,  Rome.  Gu 

ar,  Alston.  8.  C 

prior  River,  Tu.Kca-  ' 

ft. 

•,  Fayette,  W.  Va.... 
»r.  Riversid«?.  Ala   .. 
River,  Augusta. (ja 
River,  Chattaii(M)^H. 

i 


Xe  I  May  21,1«01  !       31.He  j  U. 8. Geol. Sur.  W. 8. P. No. 75. 


e04  I  Jan.  —.1895 
6H2  I  Mar.  19,1H00 

675     Dec.  2i),l«01 

7«2  Feb.  .  2. 1MJ2 

1,056  June   K,19rO 

!..%">  May  21M«01 

1,560  Feb.  27.1H99 

2.425  Mar.  l,lWtt 
a,:«W  ;  Mar.  -,1»99 
H.K40     I)e<\  :*),1W»1 

4,001     Det-.  31,l»n 
4,«W  ;  May  2^,1901  : 
4.90rj     Ai»r.  18.1WI0  ' 
I 
6.2110     Mar.    4,1S99 

6.KV.)     ih't.     H,18»»  j 
7, 2m      S^pt.    -,1SSH  ' 
21.418  i  Apr.      ,1SIW 

I  i 


I 


31.50  U.8.0eol.8ur.,18An. 

58.23  U.8.C*eol.8ur.,21An. 

85. 24  U.  8.  Geol.  Sur.  W.  8.  P.  No.  75. 

38.22  U.8.C4eol.Sur.W.8.P.No.8:i 
18. 00  U.  8.  Geol.  8ur.  W.  8.  P.  No.  98. 
5:^.  10  U.  8.  Ge<il.  8ur.  W.  8.  P.  No.  75. 
27.92  ,  U.  8.  Geol.  Sur, 21  An. 

20. 97  U.  8.  Gec»l.  Sur.  W.  8.  P.  No.  Ki. 

m.m  U.S.  Geol.  8ur..  21  An. 

18. 23  U.  8.  Geol.  Sur.  W.  8.  P.  No.  75. 

16.  (W  Do. 

28.44  Do. 

27.89  U.S.  Geol.  Sur.,  22  An. 

17.8:j  Do. 

10. 5:^  U.S.(+eol.8ur.,20An. 

"42.W  U.S.  Geol.  Sur.  14  An. 

20.80  U.S.  Geol.  Sur,  19  An. 
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UBfeTBUCTlVB  FLOODfi   IN   UNITED  STATES   IN    IVKW,      f 


Miimmum  t'titr  ttf  tflxrhitr^jr  of  xftfuiftH  in  rvjitntl  VnHfil  KUiitft, 
[In  pn«t'i>mt  f*>f'!   jH*r  i*(iunjv  tulle  J 


8t^alim  uiA  pbu^. 


ni. 

Omittl  Eh't^r,  nmud  B«ptck, 
MU'li. 

Hmnky  Hill  Klvnr,  Kll#wcirth. 

BJi:«  RiViir,  MimhMtUn,  RntiM  . 
RcpulilirJiLn     BlTi'i\  JiiTioUriu. 


ictnibli 
Khun. 


Mitm. 


Df^tf^. 


rj,«?ii 

l.flMl 

ii.4iai 


July   KjgiH 
Jtilr  KMHiK 

Hay  UI.UIKI 
..,..ilo 

Apr.     .i«rr 


Mutt- 

Qt'OXD 


II  ft,  US 

mm 


Anthorlty 


TJ.  S.  OwL  Bur.  W.  M.  R  N^  u: 

Da. 


tO.^>    U.  S.  ««f(L  Mnr..  I»  Ad, 


lAntrniii?  flo^  rf»r  ««y  or  maxltnuiD  dlfu^hRrtit*. 

iffifjfitum  rrtfr  of  fttm^hartff*  nf  Mtrf'ftruft  itt  south trrAtf*r ft  Vnitfii  Sifttfji. 
tlii  »ec(iiMS-f«»t  per  mj^tijih*  Btlle.] 


IHTMkUi  and  plenty 

rijttf* 

tpum 

1 

Autbtirtty. 

N.  Mfix. 

«J 

Berit.»l,I«H 

1».I0 

ir.  8.  QboI.  Sut.  W,  B. P.KfKMT. 

Ml  in^  Rlvttr.  La  Cxi^^m.  N,  M^x. 

15V 

8Qpt2&,IIMM 

l»iL7i) 

Do. 

Oberry  Croek.  iXth* .,.,,, 

iTft 

fl7JO 

U.  8>  OeoL  But.  W.  S.  p.  No.  SI- 

Riiliid CYeek,  Rapid,  a  Duk  ... 

;B} 

.fanu  AJ»(H 

.. 

LT,  rt.  G©qL  Stir.  W.  a  P.  Ncu  147. 

Bnlt  *:^rOTlt.  Ill  iJio^tli,  N,  Meat . 

y.tKW 

Ot.   -,1904 

4jr> 

Do. 

Huudi>  Etiifpr  niwnp*uir>  N.  Msx 

UasT 

tUj.,,.„. 

i.»l 

Da 

CfirmilUiiJ  Rivt»r^  Lufcaa,  N.  Mt^n 

ij^44r» 

du 

iiifiai 

Do. 

Caimdiivij  Bivt*r.Tftylnr.N.  Mex 

s,«ar 

..  ..do 

t^mii 

Do, 

Mt^i, 

K4T» 

..„,d«.,.„,. 

^im.M 

Df>. 

PeL^irH  Hirer.  Fort  i^umm^r,  N. 
Moi 

«.m 

,...,rlci 

T.») 

Do. 

Pi^riM  Bivpf,  Boftwidl,  N.  Mox  . 

14. BIO 

.....du.     -.,. 

aTn 

Do. 

Rt*i1wiit*T     R  i  V  P  i\      H  e»  11  p 
t'f^iii-L'he.  rt.  Dak. 

i.iiffi 

Juni-.^  fkJMH 

&00 

Do, 

S<y>el]ri  ttlriTt  Liw  Alumtw,  N, 

aei 

Sept.— ,lMt^ 

mrx 

Do. 

PurK»Lt^>ry    Blv#r,    Trinldftd, 
(N)li» 

:*s 

Bept.HUjIffH 

m,K 

Do. 

Kftlt  lllvur,  Roo«*Telt,  Ariz,  ... 

ft,7lirt 

M&r.      J»l^t 

mu 

U.  S.  thiol,  iJor,  W.«.  P.  BIc*.73t 

ViTdi^  Rlr«r.  McD*>w*^lI,  AriE . . 

n,ivu 

.....iln.,,..,. 

''84.ifi 

Do. 

Stilt  Rivyr.  Arija_ j 

is,  am 

Pwb,  -JHSI 

S4.W 

IT.  S*  Oeol,  ftnr.  W.  8.  P.  l^v^M^ 

tltlii  HivLir,  Flonmiv.  AHx.     .  , 

ir.T.'ill 

Fnb.   IT^lKlll 

T.flO 

Do. 

Pi^"i>?*  Rlv*.*r,  SoutJi  Ri»n,  N.  ' 
Mt'X, 

:;.M0 

Hnpt.iVUWU 

n.firt 

IT,  rt .  0«,  il,  «ur.  W,  EL  P.  3ffttl4L 

Mi-ra  Bivet,  Weln^r.  N.  Mke.. 

i»e 

...„d« 

ijoLin 

Do. 

Rif*  Grande,  RU>  (JiutidtN  N. 
Mi^x,                                              ' 

llpsew 

Oet.    -.IBO* 

U.TO 

Do. 

"  Unto  for  lli  hours.     '»lU\to  tot  1  \\o\\vv»>.     *^  U^e  for  0.5  hour.     ^  Rate  for  24  honrs. 


II  •  A 
3EK8. 


n 
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Maximum  rate  of  discharge  of  xtr^amn  in  (■alift/rnia, 
[In  second-feet  per  square  mile.l 


HtrtiHm  and  place. 


!  Drain-  | 
age  area,  I 
in  RGiiare 


Date. 


Maxi- 
mum 
rate. 


Authority. 


ion  Canyon,  Lob  Angelen, 

River,  Bowman   dam, 

twater  River,  Sweetwa- 
dam,  Cal. 

imne  River,  Laf^range, 
oaquin  River,  Hampton- 
River,  State  Point,  CaL . . 
River,  Rio  Bravo,  Cal. . . . 

mento  River,  Iron  Can- 
,Cal. 

River.  SmartsvUle,  Cal. 

ler  River,  Oroville,  Cal. . . 

(Veek,  Pruto,  Cal 


15.5 

1,501      I 

I 

1.74:;     , 
a,;j45    j 

«,2«5 
7fll»      I 


48. 5      U.S.Oeol.Sur.  W.  S.  P.  No.  HI. 
:Jl.rt  Do. 


Jan. 


Mm 


I  Jan.       .  ISHI 


":«.5i 


Do. 
Do. 
Do. 


Jan. 
May 
Feb. 

do 

do 

Mar. - 


.1»)1 

.iwrr 
-.19m 


.IWM 


'25.22  Do. 

"2.8  Do. 

'£i.  47     U.  S.  (itH»l.  Sur.  W.  S.  P.  N<..  147. 


"  4J».  (12 
":n.4J» 
'«2!).2l 


Do. 
D). 
Do. 


*  Mean  for  day  when  diHchnrtJ««  was  a  mnximuni. 

DRMULAS  FOR  MAXIMUM  DISCHARGE  AND  AREA  OF  CROSS 

SECTION. 

Miie  of  the  data  for  streams  in  the  iiorthoa.storn  United  States 
plotted  in  fig.  11),  using  the  areas  of  (hniinage  basin  in  square  miles 
bsc'issap  and  the  maximum  rates  of  flow  as  ordinates.  The  curve 
►,  whose  equation  is 

40,7t»0 

been  drawn  to  represent  the  relation  l)ctween  rate  of  flow  and  size 
rainage  basin  for  this  section  of  the  country.  In  this  eciuation,  J/ 
le  <lrainage  area  in  square  miles  and  <y  the  maximum  discharge  in 
ic  feet  per  second  per  scjuai-e  mile  of  drainage. 


- 

A 

1 

f 

^.« 

\ 

i 

\ 

i" 

'\ 

1 " 

5 

•w> 

S, 

» 

i 

\ 

« 

i" 

»    ^^«„^ 

o 

D 

sriw««    art 

ft   tn    wiua 

«   Dik* 

~ 

—* 

-M^B 

-..  f.... 

lilt 

.  toeo 

-JH 

06 

<e«e          ifoo         m'oo          >d 

•e 

MM 

•1 

•• 

10 

^00 

Pio.  19. — Cnrve  showln;?  relation  l>etween  size  of  dnvVnaiji^  \>«i«.Vw  \vw<i  tww-Q^  \>^x 

Hquare  mile. 


^90 


IIESTRUCTIVK    FLOOm    IN    TJKITEB   STATES   TN    1904, 


I  %kt.  HI 


'riio  fnllnwin^  Initio  has  bi4*ii  [H'ejnirod  from  this  t*f|iirifion  luid  gives 
\Uv  uiwx'uuuin  Viiio  of  flow  per  stjuurL*  niilo  from  ilniiiiH^t*  basirus  af 
various  sixths  in  the  ruirtlnHistrrn  [nirt  of  tln^  Utjih'<l  8l«te.s  Know- 
111^  the  rtiz*^  of  th«  ilniinii^*  l>asiii  at  a  giv**n  phu^t*  on  «  strpam  in 
this  stTtioii  of  the  coiiiilry*  the  tiuiximum  dWharge  ih  foiiinl  by 
mtiUiplying  thi^s  tlniinugv*  tut*ii  in  scpmn*  riiik's  by  the  pi^oj^er  raluc 
found  in  this  table, 

^tuf'Jt  nf  ti,  thr  muj'imHni  ratr  t$f  ffotr  of  «frf^iPM#»  in  Urmn  uf  iL  ihr  drnittm^ 
arvii  in  KifmirT  mtteM,  ht 


Jf  t  330 


ViiJtio  of  M 

VftlUiof  if. 

mi 

m 

i,0OQ 

m\ 

73 

l^^OCMi 

im 

50 

um 

l,ffl)0 

ra 

10,  (KM) 

2,tHX| 

85 

»,00Q 

id 

HfpandliiK 


The  mean  velocity  of  flow  in  an  open  channel  depends  mainly  on: 

(1)  Slope  of  water  surface;  (2)  shape  of  channel,  its  width.  <le|)tli. 
and  strai<rhtness;  (8)  rou^rhness  of  bed  and  l>anks:  {  [)  position  of 
mouth  of  tributary  streams:  (5)  obstructions  in  channel,  such  a> 
ice  ^(U'*res,  dams  of  lo<rs,  drift,  bowlders,  etc. 

The  formula  iu  <reneral  use  for  c()mj)utin^  the  discharirc  of  a 
stream  is — 

(,)=A  \'=A('s/RS  (1) 

In  this  formula  (^=dischar«^e  in  cubic  feet  per  second,  .I=arcaof 
waterway  in  s(iuai'<»  feet,  r=mcau  velocity  in  feet  ])er  second,  »S'= 
slope    of    surface,    A'=hydraulic    radius  =  \,   where   /*  is  the   wetted 

b       r 

i)eriiiieter,  and  r'=  where  (i.  /%  and  c  are  constants  and 

•  +  ("+.s)x/A' 
11  is  the  coetHcient  (»f  rou<2:hness  of  l)ed.     Solvinji:  (equation  1,  we  have 


,_v_    V 


(-') 


If  a  siiiipl*'  moMioil  can  ho  found  for  ol)taininf;  the  value  of  T',  llu'ii 
the  waterway  can  be  found  by  dividinjjc  Q  by  I'. 


aiURrUY  AND"! 
OTHEB8.       J 
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The  following  table  gives  the  values  of  Tfor  slopes  varying  from 
<X1  foot  [)er  thousand  to  20  feet  per  thousand,  and  for  values  of  R 
:from  2  to  25  feet,  for  the  case  where  n=0.()35.  It  covers  all  eases  of 
:fiood  flow  of  ordinary  streams. 

Table  for  flrulitiy  the  mean  rcUmty  in  a  channel  from  Kutter^a  formula  when 
the  eofficient  of  roughncHH  n=0.03'). 


\d 


Slope  in 

feet  per 

thou- 

2. 
0.6  1 

4. 

1.1 

6. 
1.5 

Hyd 

8. 

1.8 

raulio  r 
10. 

2.2 

>adiuH. 
It. 

2.4 

Irt. 
3.0 

9). 
3.6 



as. 

O.l 

4.1 

.2 

.9 

1.6 

2.0 

2.5 

2.9 

3.4 

4.2 

4.7 

5. 5 

.4 

1.3 

2.2 

2.8 

3.6 

4.1 

4.8 

5.  7 

6.  6 

7.6 

AS 

1.6 

2.7 

3.5 

4.3 

5.0 

6.9 

8.0 

9.1 

.8 

1.8 

3.1 

4.0 

4.9 

5.8 

6.6 

7.'9 

9.2 

10.2 

1.0 

2.1 

3.6 

4.6 

5. 5 

6.5 

7.4 

8.8 

10.  2 

1 1 .  r> 

1.5 

2.5 

4.3 

5.5 

6.7 

7.9 

9.0 

10.8 

12.5 

14.0 

2.0 

2.U 

4.9 

6.4 

7.8 

9.1 

10.3 

12.3 

14.3 

16.4 

3.0 

3.7 

6.0 

7.8 

9.5 

11.2 

12.8 

15.0 

17.5 

19.8 

4.0 

4.2 

7.0 

9.1 

10.9 

12.8 

14.6 

17.7 

20. 2 

6.0 

5.0  ; 

8.5 

10.7 

13.7 

15.4 

17.7 

21.5 

8.0 

5.8 
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It  can  be  shown  that  the  hydraulic  radius 

in  which  /  is  the  lM)ttoni  width  of  a  tnipezoichd  section,  d  is  the  depth, 
and  -V  is  the  slope  of  the  sides.  It  can  lx»  seen  from  ecpiation  (8)  that 
for  any  given  vahies  of  d  and  A',  R  approaches  d  as  /  increases;  for 
the  casi^  of  floods,  therefore,  it  may  be  assumed  that  R=  the  difference 
in  stage  between  high  and  ordinary  low  water.  Any  error  in  the 
assumption  that  /^= range  of  stage  makes  R  t(M)  large,  the  mean 
velocity  too  large,  and  th«»  computed  waterway  too  small.  If  (kvsired 
R  can  easily  be  obtained  from  a  measurement  of  the  chosen  cross 
.section. 

Briefly  stated,  this  method  of  finding  the  waterway  at  a  given 
place  on  a  stream  consists  in  finding  the  drainage  area  in  square  miles 
above  the  place  under  consideration,  the  gn^atest  change*  in  stage  of 
the  stream  at  this  place,  and  the  sloi>e  of  the  surface.  By  multiply 
ing  the  drainage  area  M  by  q  (p.  190),  we  fiind  Q\  dividing  Q  b; 


i{jj.  IIM),  u^jing  for  //  the  maxinuini  nmgo  of  jstn^jfi',  mid  for  S  Ww 
liicaHjin»tl  slopi^  of  surfftcH*  uf  siTc^nnu  wc\  have  the  necessary  an*a  of 
j^the  waterway* 

The  f^reatet^t  e*iTtir  in  the  us*'  of  this  mt'thotl  will  result  from  ati 

linrorreet  luoasuremtnit  of  the  i^lojw.     The  formula  cail^  for  slojXMif 

Isfciirfncr,  uimI  siirfmv  slope  of  a  streaJrai  is  not  necessvsarily  the  slop^  of 

Liu*  \m\.     The  hlope  in  not  the  same  at  all  stages  nor  always  the  saim* 

[for  a  ^iveii  sta^e*     If  the  place  under  consideration  i^  near  I  he  mouth 

lof  a  lar^^  tributary  the  s^lope  of  the  main  stn^iim  will  W  uffe<*te(lbv 

tlie  stafj:e  of  the  Iributary*     Overflow  and  flm>din^  of  hnvhuids  k 

frequently  tlie  I'esidt  of  haek water,  *lue  tu  reduction  tif  snrface  slope* 

The  smaller  the  8U>|h?  uwd  the  greatt^r  will  l)e  the  computed  water- 

ji?vay< 

If  there  is  a  posKiljility  of  tlie  waterway  Ix^eoniin^  partly  rlogpni 
^Tft'ith  drift,  lofjs,  or  ice,  or  its  hciu;^  in  the  infliieuee  tjf  Vmck water  frimi 
^a  tributary,  the  computed  area  must  he  increased  l)y  a  lilitn^al  ainmiiit 
The  follow inij;  tables  j^ive  the  maximum  rate  of  flow  of  slRNimsin 
I  various  sections  of  tlie  United  Stah*H,  the  tlatt*  of  occurrence,  the  an'n 
of  draimige  alxjvc  the  station ,  and  the  autUority.  Nearly  all  tli*se 
(data  wen*  olitained  with  i*urrent  inHci';  a  few,  however,  wen^  codi- 
j^^puted  from  cro!^-section  and  surface-slope  meabm^emeuts. 

GETTEHAI.  rtirjVOtAUY* 

Floods  on  northern  streani.s  may  result  almost  entindy  from  tln^ 
rapid  nudting  of  snow  and  ice,  there  Iwing  very  little  rain  durin<r  tlu' 
Hood. 

Floods  on  northern  streams  are  sometimes  produced  l)v  ict*  *r'>i'P'"- 
The  stream  may  reach  a  high  stage  and  large  areas  along  the  stivam 
be  overdowed,  while  the  volume  of  discharge  is  comi)aratively  small. 

Many  cd'  the  floods  in  the  western  part  of  the  Uiut<Ml  States  an' of 
short  duration,  produced  by  heavy  storms  of  short  duration,  popu- 
larly called  "  clou(M)nrsts/' 

The  area  submerged  during  a  Hood  depends  on  slope  of  stream  W 
and  size  of  channel.  In  the  lower  part  of  the  drainage  basin,  whert^" 
the  slope  is  small,  the  area  submerged  is  larger  than  in  the  upix^r 
part. 

The  channel  of  streams  is  frequently  reduced  in  width  throiijzl^ 
cities,  and  overflow  n^sults  therefrom.  The  bridges  across  streams 
frecpicntly  obstruct  the  waterway  to  a  considerable  extent.  Too 
many  j)icrs  are  used,  and  the  ])ier  protection  prevents  the  natural 
deepening  of  the  channel  during  Hoods.  The  abutments  are  fre- 
quently placed  at  the  low-water  line  instead  of  near  the  high-water 
lin(\  The  control  of  streams  subject  to  overflow  should  be  in  the 
hands  of  an  engineer  or  a  competent  body  of  men  who  will  prescribe 
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the  pi-oix^r  width  of  channel  and  the  desigii  of  structures  over  them, 
and  have  charge  of  the  work  of  overflow  prevention. 

Channel  cross-si»ction  area  should  l^e  a  function  of  slope  of  stream 
as  well  as  of  drainage  area  and  si^ction  of  country. 

Problems  of  stream  control,  protection  of  land  along  streams,  and 
reclamation  of  swamp  land  are  rapidly  coming  to  the  fnmt  in  this 
countrj\  and  data  l)earing  on  their  solution  are  in  demand.  In  Cali- 
fornia and  Kansas  more  has  recently  been  done  along  these  lines  than 
in  any  other  State. 

The  United  States  Reclamation  Service  Ls  solving  the  flood  problem 
in  the  semiarid  region  by  the  construction  of  reservoirs  for  the  stor- 
age of  the  flcHKl  waters  for  use  in  irrigation.  Destructive  floods  will 
eventually  Ik»  unknown  cm  the  streams  in  this  region. 
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KiirtJULM  n I  rer  »tv  m oaflomnciii Is  af ^^B 

l^iwRMu-f,  Mam.,  &lcrrli])iu<  ElTf^tft^maxI^      ^H 

mmii  <tl«(;burKe  of  , . ,  lH^^ 

Un^otnpUit),  Kntm.,  ll(M>4l  nvur. *,<,.. *.*x....  <Mi 

nf*TN  nhowluit - ..„_..      H 

iDii  i1  m  u  m  d  t-u>KAT;ge  of .»»...«...«. .     IW 

oitttwn^jwm  U  iif  .,..*,,,  ^ ,  ,p  ,„ .  M,  *7,  • 

Umiy,  Kiitin.,  **K»viir.Ujn  «!..„. *»*,^,. *„»..,      51 

i jt*vo€^  \  11  K utuiuA,  >f oosbo  OnjTi (y  .♦,*,**,.    W4i 

nttjm  tliKThMrKu'  k4 .  _ W 

Vc^rrllgrl*  Hlvemr,  Jiicjutctrt'uii'ijtpolw  ¥J-M 
LirklfiB  Kivi'f,  Ohio,  iriwuMunui^'nli!  rtf ., .  1^1*1 
[*l|if>hirnr(,  J.  M.,  ii<'kti»iwk'<Iifiijfiit  tci  ...♦.  U 
Uttlv  A  rkAUMifi  Rii  IT,  KiniM,  ,^|4*t►^i|Ili^1*  uf ■     ^'^^ 

ttinm  ilN'htirrc  of.....  ......<,.    ''i^H 

LitlK-  P*IU.  ?i.  v.,  »!i*F»ti''  «t  . .  - m 

man 

rnJiifftUftl  .„„„„.„„,„.,»,..,,,....  RKi 
tiini.|ifnfctiinr iLt .,    ,#.,*4i »*,.,,, ,„„...*      ft 
Lltilf>  Tcnticwec  River,  If,  C,  aukxlmitm 

di«'iiiirieiT  of ._.,..... , tu 

iniuuHirttitf'nbi  i>f . , ITIllfi 

l*lvofnioW',  tVilo.,  Carli^  I«  Pui]dr«  Rivet  al, 

itiuwHor^iiif  ttia  of .......     Ill 

muiii  dlivhAqpe  iiC.. M 

C^aiiidlmi  RWej-nt,  uitrnxiii^mfiTitN  of .  131, itt 
Jyi^iiiiKpon,  hiiL,  Wiibuflh  River  ai  mev- 

iirenientjptil. . . . , , 4i^M'li,  17^,  l** 

LcKitlTig  Gla«<«  Rh'f'r  Mlch.t  dt'serlptiniiol.  W 
L^w  AliUUfis^,  N',  Mei.,  Supf'llii  Rive  rat,  flood 

on,  (UmAffc  b>  _ _ .     I2» 

SapelUt  BJver  at,  maxinituu  dia^^bar^ 

of m 

Lo*  Aiigi.O(!H.  Ctil..  HornmmCaTiyon  at,  uiai- 

tninin  i  j-v-haTV*^  iti . .  „ , .  „      lnl 

l>w  LuiiaSh  N,  .Mes.,  rainfall  at....  _,,__,.  l*i 
Iji>iiliiv1]Us   K>.H  Ohiv*  River  at.  mMaure- 

inenbH  (if ........  ^. ._..  „ 17^ 

ruLilfiill  at .....,...-  l^a.  177 

Liiw«4L  l^wm,,  Merrlmac-  Rivpt-  at,  maxi- 
mum (li!«-h»rff(?of  ^.,, ......      1* 

Lynm  rikU^,^,Y..  HUck  Rivet  at,  maxl- 

mumdisphawof 1*1 


M. 


McCalls  Ferry.  Pa.,  8u8quehanna  River  at, 

measurements  of 27, 2^1 

McConnellsville.  N.  Y..  Fish  Creek  (West 
Branch)  at,  maximum  di.<<- 
('harjfe  of 1S5 

MclK.nnell.  Pa.,  flood  at 114 

McDowell.  Ariz,,  Verde  River  at,  maximum 

dis<'hanfe  of 1^8 

McEwing.  M.  S.,  acknowled|nnent  to I'JO 

Macmillan  dam,  N.  Mex.,  location  and  de- 
scription of 143 

Macon,  (hi..  Ocmulgee  River  at.  maximum 

dLsctiargc  of 187 
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Mahoninir  River.  Ohio,meaiiurvment«of.  179,180 
Mahwah,  N.  J.,  Ramapo  River  at,  maxi- 
mum dincharge  of l^"* 

ManbatUn.  Kana.,  Blue  River  at,  maxi- 
mum dii«eharge  ul 188 

Blue  River  near,  measurementa  of 75 

flood  near 73 

Kansas  River  «t,  meajiurementB  of 62-63 

Mannfiville,  N.  Y..  Skinner  Creek  at,  maxi- 
mum discharge  of 184 

Mannelitas  River,  N.  Mex.,  overflow  of. . .  126-127 

Maple  River.  Mich.,  description  of 40 

Markham  Ferry.  Ind.  T,.  elevation  of 79 

MaryvviUe.  Cal..  water  plain  at.  com^iarison 

of 15 

Matthes,  (i.  H.,  acknowledgment  to 12 

daU  furnished  by 129-iao 

Maxwell.  N.  Mex..  rainfall  near 1'23 

Meohanicsville.  N.  Y..  HuiLMm  River  at. 

maximum  dificharge  of 186 

Meeker,  R.  I.,  acknowledgment  to 12 

Merrimac  River. Mass..  maximum  discharge 

of 186 

Me^illaPark,  N.  Mex..  rainfall  at 143 

Michigan,  flood  in 40-45 

rainfall  in 4l-t2 

temperature  in 41-42 

Middletown,  Pa.,  ice  gorge  at.  data  concern- 
ing        26 

MiddlevUle,  N.  Y..  West  Canada  Creek  at. 

maximum  diw'harge  of 186 

Millville,  W.  Va.,  Shenandoah  River  at, 

maximum  di)icharge  of 186 

Milstead,  Ala.,  Tallapoosa  River  at,  maxi- 
mum dlseharge  of 187 

MissisBippi   River,  Minn.,  maximum  dis- 
charge of 188 

Mianouri  Paciflc  Railway  bridge  at  Kansas 

City,  Mo.,  view  of 60 

Missouri  River,  Kan^.,  measurement*  of.  62-63,64 
Mianouri,  Kansas  and  TexaM  Railway,  dam- 
age to 129-130 

Mohawk  River,  N.  Y.,  area  drained  by 32 

flood  on 32-40 

damage  by 40 

maximum  discharge  of 185, 186 

measurements  of 35-36, 38, 39 

profile  of 34 

slope  of,  table  showing 83 

source  and  course  of 32 

tributaries  of 32 

Mohawk  River  banin.  N.  Y.,  elevations  In. . .       33 

flgure  showing 34 

rainfall  In 33-35 

streams  in.  dewrription  Hn<l  measure- 

ment}(  of 32, 33. 37-39 

temperature  in 33-35 

Monk,  O.  B.,  acknowledgment  to 12 

Monocacy  River,  Md..  maximum  di.Hchargu 

of • 186 

Monthly  Weather  Review,  on  rainfall  in         ^ 

eastern  Kansas 59-60 

Moorehead,  Tex..  Pwos  River  at,  measure- 
ments of 133-134,137,145-146 

Mooao  River,  N.  Y..  maximum  discharge  of.      186 
Mora  River,  N.  Mex.,  flood  on 127-128 


Mora  River,  N.  Mex.,  maximum  discharge  of     1S8 

measurement  of 124,127 

Mora  Valley,  N.  Mex.,  flood  in,  damage  by . .      127 
Mormon  Canyon,  Cal.,  maximum  discharge 

of 189 

Motts  dam,  N.  Y.,  West  Cascade  Creek  at, 

maximum  discharge  of 185 

Mount  Carmel,  111.,  rainfall  at 46,47 

Wabash  River  at,  measurements  of 4A,  49 

Mount  Morris,  N.  Y.,  Qenessee  River  at, 

maximum  discharge  of 186 

Mount  Pleasant,  Pa.,  Tohickon  Creek  at, 

maximum  discharge  of 185 

Mount  St.  Helena,  Cal.,  rainfall  at 15,16 

Mount  Shasu,  Cal..  rainfall  at 16 

Murphy,  E.  C,  paper  by.  on  A  method  of 
computing  crcKw-section  area  of 

waterways 182-192 

paper  by.  on  Drouth    in  Ohio   River 

drainagebasin l?i-182 

on  Failures  of   Lake  Avalon  dam 

near  Carlsbad.  N.  Mex 141-14S 

on  Floods  due  to  failure  (»f  dams 

and  reservoir  walls 172-173 

on  Kansas  floods .'i9-113 

on  Rio  Grande  floods.  N.  Mex....  143-160 

on  Susquehanna  River  flotKl,  Pa 22-82 

on  Troxton  Canyon  flood.  Ariz...  115-118 
Murphy,  N.  C,  Hiwanee  River  at,  measure- 
ments of 179,180 

N. 

Nashua  River,  Mass.,  maximum  discharge 

of 186 

Nashville,  Tenn.,  Cumberland  River  at,  flow 

of,  measurements  of 180 

Neodeaha,  Kans..  flood  at 105 

Neosho  Rapids,  Kans.,  flood  near 89-90 

Neosho  River  at,  measurements  of 89-90 

Neosho  River,  Kans.,  area  drained  by 78 

channel  of,  necessary  width  of 93 

comparison  of  Verdigris  River  and 79 

course  and  character  of 78-81,89.91.93 

elevations  on 79 

flood  on 7H-94 

damage  by 94 

prevention  of  future  damage  by 94 

views  of.  at  Humboldt,  Kann m8 

levees  along 92-93 

maximum  discharge  {ft 18H 

measurements  of . .  81-85, 86,  K7-89. 90, 91 ,  92.  HS 

source  of 78. 79 

tributaries  of 79 

New  Hartford,  N.  Y.,  Starch  Factor>-  Cnn'k 

at,  maximum  discharge  of IH4 

Starch  Factory  Creek  at,  measurementn 

of 37-JW 

Sylvan  Glen  Creek  at,  maximum  dis- 

chargeof 184 

measurements  of 87 

Neosho  River  basin,  Kans.,  description  of..  79-94 

figure  showing 80 

Neshaming Creek,  Pa.,  maximum  discharge 

of 186 

New  Mexico,  Canadian  River  in,  tributaries 

of 122 
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N«rw  M^ X loo,  C^ti %<^ iAQ  River  I tt ,  floods  ] n ,  llD-1  ^ 

mlnf«H  in  ,      . .  12^12^1,  I3l-I3:i,  1 13.  MK 

New  Rt  vi^r,  max  I  mum  d  Ik  hii  rfft'  of «..,... .      187 

N<*w  Ycrrlc,  flcj(*fl**i«... ,..,*.*.^„...  »5M0 

ridri!ftlJ  Iti  .**,...  —  .»*-..; i*,,  SS^ 

ltfHH>iTrttlur»*  in  *,...*.**,*.*, »* *,**  M^^ 

Nvw  Vnrk  ^lIlH^  N.  v.,  ^uiiDott  Crt^k  At, 

niikx i Dvu n I  d Lf^hn^i^f  at  ^^.^^^^,      ] ^ 
:^im}iiriit  i'r^^k  (il,  mwiMUTt'Dipnt  of SK 

NeWi'Jt.  F,  H..  ttftfinwltflnrmenl.  tn _         r2 

MewfMm.  i*ftM  JiinijiTii  iiiv^t  at,  mwisnrc^ 

meiil!<iiL.. 2S,2tf 

Ntiii'inlli*  t'rtHf^,  N.V.P  mnximtim  dt!4ehar|^p 

of .,, la^ 

Kinofi  Ifvee^  Kniif'.*  (hwI,  mn^LnHUton,  eic,, 

!*f  , ,... 9^^ 

at., ..,. *. in,v^ 

Si»rtb  PliktiK  Kt^ttr.,  mliirull  hU.^. ........       (»» 

Nnrih  Hlv^t't,  Vn  ,  fnnxlmnm  rliw^liarpe  of..  im 
KnrthumbtTtaiid,  Pn,,  hU)H|iiir^hMiiihii  lihvr 

HI,  imiiilnjiun  rtJHiUiJifftec^f .  ,.  \M 
K*>rtbwi»rvrii  J>M**rtr'  ItuMwtty  brkljfe  over 

Mp,,  vli'w  oL. . , .._.,        fiu 


k 


OAkdiil*',ail.HCh*tuiliooeJiw  ftUetnt.mAi* 

imuni  dUcluLri^e  ol ..,,      187 

Onkdiik*.  Fb...  ftotw!  at  _ „,,.,  114, 1 J& 

Muxl  lit,  dHmji^  by  „.,^^,...i*^. „ 115 

0<Mifml|!i*e  Fiivt'r,  tUi.,  [lUixlinuiii  rliMhtiriirt' 

(if .__.,._,,„ 1H7 

OhlaKlvtir,  mfttHiirt'iiierit^ iif *,,.,       37H 

iiiivtioiilnit  iirin  ^ii'iiponiik'n  uf ....... ....      1K) 

Uiilii  K\\i'T  Ntsjil,  ttn^H  HUd  Uii!«t1i»n  tiL.     L7:S-t:^ 

fitim^liMh,  idt-rlH  i>f .._..__ ,„  IMI-Ift* 

pi^k^im..............    . ..._,  l?i  (H';* 

map  ?<hciu'injf 17-1 

]jrin4'i]iri].  ."^t  rt'amrt  iu  „ . , , 174 

mjniiiitim  Ilnw  nf..H. *** ItW 

rmnjlT  oJ . ....... . ,      179 

rtkinfidi  m 174^177 

Oii  nty,  Pji„  mill  Jul]  lit .\..       n,"! 

Oiilahtmiii^  Mimm1?4  in._.-, 120-iatl 

Oklnhnnui,  tJkln.,  riiinfKLL  nl  . .,.,..,....,.,        m 

Okmii]wi'<'r  Tud.  T.,  mhiriill  Bt............_.        00 

OldtoiATi,  Ti'im.,  FrrMicli   ilriH^d  River  lil^ 

nii/at^nrfmenl*!  4if ITB,  ISO 

( i]i-ut]itj(!y  UlviT,  ithUj, iEiLiiMurt.'iiH'tit>i of.  l7yjH0 
(J  13 el (U  Crtel;,  >;.  V„  mn-Xim um  discimrge 

c*f. ....... iftt 

nr|jikftti>t  X.  Y.f  Urirtkiiny  Creek  HLt,  tuflxi- 

iiiuni  di»H  hfinji-  uf ,  _       IKS 

UrIslc*Tiy  Vjxv)l  tit,  uu^Hstiirtimenl  oJ. . ..        iW 
Ori!4kiiri.r  <^rei!k,  N.  Y,,  maxEiuuin  dlfleliAi^e 

t^f ..,.„.,.      IKV 

uii^'iirement  at . ,        3s 

Omville^  Colo..  Ftaithf  r  Hivefult  mftximum 

dfsu'han^f^ of  ...*... ]Ka 

Kt^tliur  Rlv^r  &t,  me&KureuientA  of lS-19 


1^ 

fXM^   Rlrer^   Kbuh.,  cb^tniel  ol^  obBtrof^ 

tlon  or .,... ,*.*.„..    Ill 

dtiscrlpUoti  of . , ._,     HI 

fltKKliOU........ ...„„„  W^W 

tlamage  b}'  . .  „ , Wik-W 

pjTVi'ntloD,  of  ftstUTe  d&nugr  by  .. .     !W 
meflflui^^jzieuie  of  . . . .,,.„..**.,,*  K^T-J* 

tton  of ,.......,..„„.„  1« 

t^Vrt'iU^o.  Kitrih.,  (^h^'Vatiim  Of, ^ *.  II 

OliflWft.  K*tiis.,  RiMKl  at,  (liuxi*^  bf...„.,.  I» 

OwjCt'  fiiver  nr,  elfVftflrtn  of,*.,, „,.».,  Ml 

iaeA#iiTt4m^ii(n  tiS , ,-. ..... .^ .^ . .^  H^Db 

OtU^A  Kc<i^ijhhr,  OIL  Omge  Rlvew  flood  al 

nttiiwn ,.„ 1* 

iktiiunwra.,  KmiiK,  devntimi  of........ II 

P. 

Pujarllo  Cf«ek«  N.  Mex.n  de^fTlpiion  n| .    1^10 
l^riNluill,  A,  J., ftukiiDi^ltHlgiDeiit  io,.,..,..      U 

nil  Cmw  C^ok  artod,  C^itunulo ,.  UiMS? 

FitH«|e  %iUvt,  K.  J.^maxltaum  dlarbanft? 

iif  ..... ttMJi 

PntiLXr'Til  River,  Hd..  iimxiiniini  diiirh«rvr 

iif I* 

l\H^ti».  Tc%..  I'lJooiH  River  u\,  nit'-iucart^mvn.tJi 

of,.. lS!HM,S»f 

i*tHt^  Hlver,  TfJt.,  Bacstoti-  trrtsiitton  Com- 
tMinF*»  flume  on,  destmi^v)  tif . 

view  of .    13i 

dam  on,  m  C«r1iKlHid,  K,  atu:x.,  Htwuof. 

bl^foF4[^  during.  &nd  &flef  flt«iod  ^     1^ 

flood  tm  ...,....., , ,..,„.  l»-aJ 

damage  by...  „,,,,.,.,..  ^..,...,.,.,     W 

Tiieii!*uren:u>TitM  ii| ....,„.  113-ll7;l4^1*t 

imvOlt-s  ( if,  limp ...,,...,  l«W,  13t 

iMjiiref  iiud  roiir^e  of .....,_...     1*' 

IrllmtHrli'H  of ..,.,,...     131 

i*rf'i w  Rivi^r  Imslti,  area  of ...,<........     IJQ 

deisi'rlplioj^  of.  <....,.„..... , ,  _, liB 

flotMls  ill tW-Ul 

ilamni^t'  by ......,,,.. ...  110-141 

p  rt'  >vii  I  Ion  i  if  U\  t  II  re  dajoage  by Nl 

iiLHp  Htiov^  itig- -.  - . , . . .     13i' 

Tiu fi.*iurejiif nui  h) 13S-137, lis.  13* 

TuiTifalJ  In __.  UUdSa 

IV I  id  li'tim,  Colo.,  rainfall  ai 17* 

TVnii?-yh  (Liiiiv.  Qotxl  In ., . .  22-*^  113-lW 

ndnfall  In.. J3JI*,1U 

Poqiianock    Rivern  N.  i..   maximum   dt^ 

(^hari^e  of ....... . _...._,,.     IfSS 

Fii^iueiit  River,  K,  J..  maKlmiim  diK-har^e 

of ,.... , IM 

IVrkJomen  Creeks  Fa..  niajUffltim  diM?bari?e 

of... JS5 

Fbiliidelpliia,   Pft..  \Viss*hi(!kori  Creefe  M. 

luEL.^ciruuni  diwhji^e  of. ,,.     US 

Piedmont  FlatennH  eliiimtifr  i>f ........       -^ 

Pljfecm  Rivtr,  Ti?rin.,  meft,Hureiin?n.tJ4of.  .  I7fl,li''0 

llnalCreek,  Aris..  flwulim..  IIS-W 

Pintado  Crei^k,  N.  Mejt,.  dt'flcrtplicrti  of 1* 

Plciisitnt  Valley,  Ohio.  Lickinjf  Ri^er  a^ 

me&flureuientd  uf 179,  IMI 

Pol  111  at  Roc'kK  Md..PolomMoRiTC'rat,m«.x 

lmuindii!ch4Tgieof  .. l*** 
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Page. 
Point  Rocks,  N.  Y.,  Fish  Creek  (East  Branch) 

at,  niHximum  dischai^re  of 185 

Pompton.  N.  J.,  Pequanock  River  at,  maxi- 
mum discharge  of 185 

Ramapo  River  at.  maximnm  discharge 

of 185 

Port  Republic,  Va.,  North  River  at,  maxi- 
mum discharge  of 186 

Portsmouth,  Ohio,  Ohio  River  at,  measure- 
ments of 178 

Potomac  River,  Md..  maximum  discharge 

of 186,187 

Potomac  River  (North  Bram^h).  Md..  maxi- 
mum discharge  of 186 

Powers,  Colo.,  flood  at 166 

Precipitation.    See  Rainfall. 
Prei«idio,   Tex.,  Rio  Grande  at,   measure- 
ments of 145-146 

Puin^atory  River.  Colo.,  area  drained  by  . . .      158 

dMcriptionof 158-ir.O 

eraaian  of  banks  of,  at  Trinidad,  Colo., 

ylew  lowing 164 

flood  on 158-169 

damaffeby 168,164-165 

de^tmction  by,  at  Trinidad,  Colo., 

view  of 162 

idiaehargeof J88 

*of 164 

rainfall  stations  on,  figure  showing 159 

source  and  course  of 158 

Pargatory  River  basin,  Colo.,  description 

of 158.164 

figure  showing ». .     159 

rainfall  in...... 160-161 


Quincy,  Cal..  rainfall  at. 


15 


Radford,  Va.,  New  River  at,  measurements 

of 179,180 

Rainfall  in  (Uilifornia,  Harramento  River 

biLMin 15-16 

In  Indiana,  WabaNh  River  bajdn 46-47 

in  Kansas,  eastern 59-60 

in     New     Mexico,    Cantulian     River 

basin 123-124 

in  New  York,  Mohawk  River  basin....  33-35 

in  Ohio  River  basin 174-177 

in    Pennsylvania,  Susquehanna  River 

basin 25 

in  South  Dakota,  Belle  Fourche  River 

basin 56 

Ramapo  River.  N.  J  ,  maximum  discharge 

of 185 

Rapid,  8.  Dak.,  rainfall  at 56 

Rapid  Creek  at,  maximum  discharge  of.      188 

measurements  of 57, 58 

Rapid  Creek,  S.  Dak.,  description  of ^] 

maximum  discharge  of 188 

measurement*)  of 57. 58 

Raritan  River,  N.  J.,  maximum  discharge 

of 186 

Raton,  N.  M ex.,  rainfall  at 123 

Red  Bluff,  Cal.,  elevation  at 13 


Page. 

Red  Bluff,  Cal..  rainfall  at 16 

Sacramento  River  near,  measurements 

of 16-17 

Red  Cedar  River,  Mich.,  descrfption  of 40 

Red  water  River,  8.  Dak.,  description  of 56 

maximum  discharge  of 188 

measurements  of 57,58 

Reed,  W.  M.,  acknowledgment  to 12 

Reedy,  O.  T.,  paper  by,  on  Globe  flood, 

Arizona 118-120 

Reels  Creek,  N.  Y.,  description  of 32 

maximum  discliarge  of 184 

measurements  of 38, 39 

Reliance,  Tenu..  Hiwassee  River  at.  meas- 
urements of  179, 180 

Republican    River.  Kans.,  maximum   dl.s- 

cha4ge  t)f 188 

measurements  of 73 

Reservoir  walls,  failure  of,  flcxxls  due  to .  172-173 
Rexford.  N.  Y.,  Mohawk  River  at,  maxi- 
mnm discharge  of 1H6 

Richards.  D.  P..  data  furnishe<l  by 124-125 

Ridge  Mills,  N.  Y..  Mohawk  River  at,  maxi- 
mum discharge  of 185 

Rio  Bravo,  Cal.,  Kern  River  at,  maximum 

dis<>harge  of 189 

Rio  CeboUa,  N.  Mex.,  flood  discliarge  of . . .      127 

Rio  Felix,  N.  Mex. ,  description  of 190 

Rio  Grande,  N.  Mex.,  flood  at 148 

Rio  Grande  at,  maximum  discharge  of.      188 

Rio  Grande,  floods  on 143-160 

floods  on,  damage  by 149-160 
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[ water-supply  l»Rper  No.  147.] 

Phe  serial  publications  of  the  United  States  Geologiiral  Survey  consist  of  (1) 
nuaJ  Rei)ort8,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5) 
neral  Resources,  (6)  \>  ater-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas 
United  States — folios  and  separate  sheets  thereof,  (8)  (ieologic  Atlas  of  the  United 
ites — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  public«- 
n;  the  others  arc  distributed  free.  A  circular  giving  complete  lists  may  be  ha^i 
application. 

Most  of  the  above  publications  may  Iw  obtaine<l  or  consnlte^i  in  the  following  ways: 
1.  A  limited  number  are  delivered  to  the  Director  of  th«»  Survey,  from  whom  they 
ly  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 
I  A  certain  number  are  allotted  to  every  member  of  Congress,  from  whom  they 
ly  be  obtained,  free  of  charge,  on  application. 

J.  Other  ix)pies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
C,  from  whom  they  may  l)e  had  at  prices  slightly  alK>ve  cost. 
1.  Copies  of  all  (Tovernment  publications  are  furnished  to  the  principal  public 
raries  in  the  large  cities  throughout  the  Unittnl  State.^,  where  they  may  be  con- 
ted  by  those  interestinl. 

Phe  Professional  Papers,  Bulletins,  an<l  Water-Supply  Pajwrs  treat  of  a  variety  of 
>jects,  and  the  total  numlx»r  issueil  is  large.  They  have  therefore  been  clas8ifie<l 
o  the  following  series:  A,  PVonomic  geology;  B,  Descriptive  geology;  C,  System- 
c  geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
ysics;  F,  Geography;  (i.  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
rage;  K,  Pumping  water;  L,  Quality  of  water;  M,  (leneral  hydrographic  investi- 
ions;  N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports 
is  paper  is  the  fifteenth  in  Series  M,  the  complete  list  of  which  follows.  (PP= 
^feflsional  Paper;  B=Bulletin;  WS= Water-Supply  Paper): 

8ERIEH  M— (lENERAL  HYDROGRAPHir  INVEOTIOATIONS. 

56.  MethodH  of  stream  mea8urement.    1901.    51  pp.,  12  pis. 
64.  A<'ciiraey  of  Htream  mea«iirement*«.  by  E.  C.  Murphy.    1902.    99  pp..  4  pis. 
76.  Observations  on  the  flow  of  rivers  In  the  vicinity  of  New  York  City,  by  H.  A.  Pres»cy.    1902. 
108  pp..  1»  pis. 

80.  The  relation  of  rainfall  to  run-oflf,  by  G.  W.  Rafter.    1903.    104  pp. 

81.  California  hydrography,  by  J.  B.  Lippineott.    1903.    488  pp.,  1  pi. 

88.  The  Pafflaic  flood  of  1902.  by  G.  B.  Hollister  and  M.  O.  I^eiRhton.    19(«.    nt\  pi»..  ir*  pis. 

91.  Natural  features  and  eeonomicr  development  of  the  Sandusky.  Mauniee.  Muskingum,  and 

Miami  drainage  areas  in  Ohio,  by  B.  H.  Flynn  and  M.  P.  Flynn.     1«M.    130  pp. 
«i.  The  Passaie  flo<Kl  of  1908.  by  M.  O.  U-ighton.    1901.    48  pp..  7  pis. 
Ti.  Hydrographic  manual  of  the  Tnited  States  GtH>logieal  Survey,  prepared  by  K.  ('.  Murphy- 

J.  C.  Hoyl.  and  G.  B.  Hollister.     1904.    76  pp.,  3  pis. 
*>.  Aceuraey  of  stream  measurements  (sc<*ond  edition ),  by  E.  ( ■.  Muri»by.     1901.     IH'J  pp..  6  pl>. 
96    Destructive  floods  in  the  United  Statt^s  in  190;i.  by  E.  C  Murphy.    1901.    si  pp..  13  pis. 
06.  Water  resources  of  the  Philadelphia  di.strict,  by  Florence  Basc-om.    1901.    7.5  pp..  I  pis. 
09.  Hydrography  of  the  Susquehanna  River  drainage  basin,  by  J.  C.  Hoyl  and  R.  H.  Ander-^m. 

1904.    21.5  pp.,  28  pis. 
16.  Water  resources  near  Santa  Barl^ara,  California,  by  .1.  B.  Lippineott.    1904.    \*9  pp..  8  pis. 
47.  Destructive  floods  in  the  Cnited  States  in  1904,  by  E.  C.  Murphy  and  others.    1905.    206  pp., 

18  pis. 

oirespondence  should  be  addressed  to 

TlIK    DiRI-XTOR, 

TnITKI)   StATE-S   (tEOUHJICAL   8l'HVEY, 

Washin(;ton,  I).  C. 

'*VKMBKK,   1905. 
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LIBEARY  GATALOOITE  SLIPS. 

f  Mount  each  slip  ui>rni  a  wj^rate  card,  placini;  the  subject  at  the  t«)p  of  the 
siHMHid  shp.  The  name  ^»f  tlie  s<*ru»s  i^h(Hihl  not  l)e  repeate<l  i>n  the  Herief 
'sinl,  l>nt  the  atMitioiial  nunibere  Hhonhl  U»  addwl,  as  re(«ive<l,  to  the  first 
entry.] 


Murphy,  Edward  Charles,  1859- 

,  .  .  Destructive  floods  in  the  Ignited  States  in  1904, 
by  Edward  Charles  Murph}-  and  others.  Washington, 
Gov't  print.  oflF.,  1905. 

20(1,  iii  p.  ilhix..  XVIII  j>I.,  dia^rs.  L*'!"'".  f  T.  S.  Oeol(»^ical  nnrvey. 
Water-snpply  and  irri^tion  paper  no.  147) 

Subject  series:  M.  (Jeneral  hydrograpliic  in  vest  iiwt  ions,  lo. 

Contains  pa|)ers  hy  S.  (i.  Bennett,  K.  C  Murphy,  H.  K.  Morton,  F.  W. 
llanna.  K.  V.  Walter,  ().  T.  Kee<ly,  F.  S.  I)ol>son.  <i.  R  Monk.  M.  C.  llinder- 
lid.M-,  U.  1.  Meeker.  T.  Tohi.-h. 

1.  i'M.M>ds— r.  s. 


Murphy,  Edward  Charles,  1859- 

.  .  .  Destructive  floods  in  the  United  States  in  1904, 
by  Edward  Charles  Murph}'  and  others.  Washington, 
Gov't  print,  off.,  1905. 

20(),  ill  i>.  illus.,  XVIII  pi.,  diaprs.  2:{"'.  i  l'.  S.  (ieological  survey. 
Water-supply  an<l  irrij^iition  psL]ier  no.  147) 

Subject  series:  M,  General  hydrogrraphic  investi>rations,  15. 

Contains  papers  by  S.  (;.  Bennett,  E.  C.  Muri>hy,  K.  E.  Ilorton,  F.  W. 
Ilanna,  R.  F.  Walter,  ().  T.  Reedy,  F.  S.  I)o1>simi.  (i.  B.  Monk,  M.  C.  llinder- 
lider.  R.  I.  Meeker,  T.  Tobish. 

1.   F1(hm1s— i:.  S. 


U.  S.     Geological  survey. 

i  Water-supply  and  irrigation  papers. 

>     no.  147.     Murphy,   E.   C.       Destructive    floods    in    the 
United  States  in  1904.      1905.' 

i        U.S.     Dept.  of  the  Interior. 

I  see  also 

*    U.  S.     Geological  survey. 
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